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ARTICLE INFO ABSTRACT 
Article history: The feasibility of deploying a socio-economic and environmental impact analysis for large-scale 
Received 12 January 2009 bioenergy production on a regional level is analyzed, based on a set of defined criteria and indicators. The 
Accepted 11 March 2009 analysis is done for La Pampa province in Argentina. The case study results in conclusions in how far the 
criteria can be verified ex ante based on available methodologies and data sources. The impacts are 
Keywords: . analyzed for two bioenergy chains (soybeans and switchgrass) for a set of defined land use scenarios. The 
Sustainability carbon stock change for switchgrass ranges from 0.2 to 1.2 ton C/ha/year and for soybean from —1.2 to 
can 0 ton C/ha/year, depending on the scenario. The GHG emission reduction ranges from 88% to 133% for the 
Soybean switchgrass bioenergy chain (replacing coal or natural gas) and from 16% to 94% for the soybean 
Bioenergy bioenergy chain (replacing fossil fuel) for various lifetime periods. The annual soil loss, compared to the 
Argentina reference land use system is 2-10 ton/ha for the soybean bioenergy chain and 1-2 ton/ha for the 
switchgrass bioenergy chain. In total, nine sustainability principles are analyzed. In the case of 
switchgrass, most environmental benefits can be achieved when produced on suitable land of 
abandoned cropland. Soybean production for bioenergy shows a good overall sustainability performance 
if produced on abandoned cropland. The production of switchgrass on degraded grassland shows socio- 
economic and environmental benefits, which is not the case for soybean production. The production of 
bioenergy production on non-degraded grassland is not preferred. It is concluded that the scenario 
approach enables understanding of the complexity of the bioenergy chain and the underlying factors 
influencing the sustainability principles. It is difficult to give ex ante a final conclusion whether a 
bioenergy chain is sustainable or not as this depends not only on the previous land use system but also on 
other factors as the selection of the bioenergy crop, the suitable agroecological zone and the agricultural 
management system applied. The results also imply that it is possible to steer for a large part the 
sustainability performance of a bioenergy chain during project development and implementation. Land 
use planning plays a key role in this process. 
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1. Introduction 


Biomass is expected to play an important role in the future 
supply of modern energy [1,2]. To ensure that bioenergy is 
produced in a responsible manner, setting principles! [3] and 
establishing certification schemes are possible strategies [4]. 
Recently, national governments as the UK, the Netherlands and 
Germany and the European Commission have taken initiatives to 
develop sustainability principles and biomass certification sys- 
tems. The need to ensure sustainable biomass production through 
proper procedures or policy tools is also acknowledged by various 
international bodies as the G8 Bioenergy Partnership, the WTO, the 
UNCTAD biofuels initiative and the FAO. In addition, various NGOs 
and companies have initiated pilot projects, policy papers or 
initiatives like the Roundtable on Sustainable Biofuels (RSB) to 
work on a more sustainable bioenergy production chain. Between 
them, there seems to be general agreement that it is important to 
include economic, social and environmental criteria when devel- 
oping a certification system for sustainable bioenergy production. 

Concrete initiatives to translate these criteria into operational 
indicators are, however, limited. Also, many uncertainties on the 
feasibility and implementation of sustainability principles remain 
[4]. There are content matters to resolve, like the design of criteria 
and indicators in accordance with regional requirements, the 
avoidance of leakage effects, and the influence of land use 
dynamics on the outcomes of sustainability assessments [4]. 
Consequently, new standardized methodologies are needed to 
measure and valuate impacts of bioenergy production [5]. The 


1 An important element of a certification system is the definition of standards or 
principles. Principles define the aim of certification and describe the requirements 
to be fulfilled for certification. Sustainability principles (e.g. the production of 
biomass must contribute towards the social well-being of the the local population) 
are combined with sets of criteria (e.g. no negative effects on human right) that 
describe the requirements a sustainable product has to fulfil. To use criteria for the 
formulation of a certification standard they have to be operationalized and 
measurable. For this purpose, indicators are used. Indicators are measurable 
parameters (e.g. recognition of Universal Declaration of Human Rights). 


complexity involved is enhanced by the large number of biomass 
resources, agricultural production systems, regional settings and 
conversion routes. 

The first objective of this study is to get insights in the feasibility 
of deploying ex ante a socio-economic and environmental impact 
analysis on a regional level for large-scale bioenergy production, 
based on a set of defined principles and criteria. By implementing 
this analysis for a defined case study, conclusions can be drawn 
about in how far the criteria can be measured with indicators, 
based on available methodologies and data sources within a 
limited time period. The second objective of this study is to analyze 
the socio-economic and environmental performance of two 
selected bioenergy chains on a regional level for a defined set of 
land use scenarios and also to get insight in possible consequences 
of sustainability principles for the potential of biomass energy and 
its economic performance on the short- and longer-term. 

In this study, a scenario is used as an imagined possible future 
situation placed in a defined time set. 


2. The bioenergy chains and scenario parameters 


The impact analysis builds on the results from part A of this 
paper [6], which evaluated for the La Pampa province in Argentina 
the potential and cost performance of two defined chains to 
produce bioenergy for local use or for export. The two chains are 
summarized here: 


I. Switchgrass is cultivated in La Pampa province and, after 
harvesting, transported as bales by truck to the closest pellet 
plant. Pellets are exported by truck or train to the harbour Bahia 
Blanca. From there, the pellets are shipped to Rotterdam in 
Europe to be converted into electricity in a power plant in the 
Netherlands or, alternatively, used in the local market in 
Argentina [6]. 

IL. Soybean is cultivated in La Pampa province and, after harvest- 
ing, transported by truck to Junin for crude soybean oil 
extraction. After extraction, the crude soybean oil is transported 
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by truck or train to Rosario to be converted to biodiesel. The 
(end)-product is exported by ship to Rotterdam or used in the 
local market. Alternatively, the crude soybean oil is converted 
into biodiesel in Rotterdam. [6]. 


Calculations are done for the potential and costs ofthe bioenergy 
chains for the short- and long-term (2030) for the La Pampa 
province. Calculations for the current situation (CUR) present the 
performance of the bioenergy chains on the short-term. A set of 
scenarios present the performance of the bioenergy chains on the 
long-term (2030). Scenario A assumes a continuation of the current 
economic development. Scenarios B and C reflect a stronger 
economic development. Between them, scenario C is more export 
oriented while scenario B has a more environmental friendly 
orientation. Scenario C is also more open for competition and the 
application of advanced technologies. Quantitative scenario para- 
meters that are relevant for assessing the sustainability performance 
of the bioenergy chains are shown in Table 1. More information on 
the agricultural production systems and cost parameters assumed 
for the different scenarios can be found in [6,7]. 


3. Main characteristics of the selected region 


La Pampa is a province of Argentina located in the centre of the 
country [8], having an area of 134 x 10° ha [9], covered for 7% with 
annual crops (i.e. wheat, sunflower, maize and soybean), mainly 
cultivated in the east of the province. More to the west, the land is 
mainly used for fodder and pasture. The largest part is, however, 
used for extensive grazing. The agricultural sector contributed 19% 
to the total GDP of La Pampa in 2006 [10]. The contribution of the 
livestock sector to this figure was 54% in 2006. A further description 
of the economic characteristics of La Pampa province is given in [6]. 


3.1. Biodiversity, flora and fauna in La Pampa province 


Approximately 70% of La Pampa province is covered by natural 
vegetation and 30% by annual and perennial crops. The province is 
characterized by four main vegetation types: Bosque de Caldén, 
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natural pasture lands, shrubs and the Matorral region. The ‘Bosque 
de Caldén', having 2-3 layers of vegetation (trees, shrubs and 
grasses), is a unique ecosystem in the country. The system is also 
important because of protection against erosion and its forest 
production value [11]. 

The primary economic activity in the ‘Bosque de Caldén’ is cattle 
production using natural vegetation. There are a few cultivated 
pastures or annual crop areas [12]. The total surface ofthe 'Bosque de 
Caldén’ has diminished significantly in the last few decades because 
of extraction of trees, expansion of the agricultural frontier forest 
fires and inappropriate management of nature. Nowadays, the 
‘Bosque de Caldén' has a total area of around 2870 x 10* ha in 
Argentina, from which around 750 x 10° ha is suitable for sustain- 
able cattle production or wood logging. The average annual rate of 
deforestation is around 2700 ha. The average amount of degraded 
land is around 300 x 10? ha [11]. In the period 1998-2002, the loss 
of natural grasslands was around 3.6% in La Pampa [13] but area 
losses of more than 10% are mentioned for other regions in 
Argentina. Forest exploitation combined with livestock intensifica- 
tion has led to degradation of natural grasslands, resulting in a 
general decrease of species with a high forage value as well as 
replacement to species with a lower or no forage value. This process, 
if continued, can result in severe erosion [14]. 

The province has six protected areas, covering an area of over 
36 x 10* ha (see Map 1), and the National Park Lihuel Cahel [11]. In 
Argentina 15% of the natural grasslands with a high conservation 
value (HCV) is protected compared to 4.6% of the natural 
temporary grasslands worldwide [15]. The protected areas in La 
Pampa province cover only a small part of its total area (see Map 1). 
The 'Bosque de Caldén' is protected mainly by Provincial Law 
prohibiting extraction of native forest species in this area [16]. 
Other relevant legislations are Laws on the protection of areas [17] 
and native forests [18]. 


3.2. Soil types in La Pampa province 


The prevailing soil types in La Pampa province can be divided into 
semi-arid and arid soils. The soil profiles are characterized by sandy 
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Map 1. Protected areas in La Pampa province based on [12] combined with vegetation map [11]. The Caldenal region is indicated by number 2. 


Table 1 


Scenario parameters for the current situation (CUR) and for scenarios A, Band C (for the year 2030) on suitable (S) and marginally suitable land (mS), relevant to assess the socio-economic and environmental impact and performance 


of soybean and switchgrass production in La Pampa province in Argentina. 


CUR A2030 B2030 C2030 
S mS S mS S mS S mS 
Reference land-use Crop production (C) Degraded Crop production (C) Degraded Non-degraded Degraded Crop production (C) Degraded 
grassland (D) grassland (D) grassland (G) grassland (D) grassland (D) 
Available land for soybean 236 61 125 61 238 64 122 45 
bioenergy production in 10° ha 
Available land for switchgrass 347 212 161 212 630 171 756 214 
bioenergy production in 10° ha 
Feed conversion efficiency and Pastoral livestock Pastoral livestock Increase of mixed/landless Highly intensified 
division feed crops production continues production continues production system livestock management 
to be important to be important system 
Agricultural production - Intermediate - Intermediate - Mixed agricultural - High input agricultural 
system Switchgrass agricultural agricultural production system production system 
production system production system 
- No irrigation - No irrigation - No irrigation - No irrigation 
- Lifetime plantation: - Lifetime plantation: - Lifetime plantation: - Lifetime plantation: 
15 years 15 years 20 years 17.5 years 
- No-tillage system - No-tillage system - No-tillage system - No-tillage system 
Agricultural production Direct seeding, Conventional cropping Direct seeding in Direct seeding, advanced 
system Soybean intermediate input system (no direct combination with other technologies to improve 
system, reduced tillage seeding), reduced conservation measures, efficiency, reduced tillage 
tillage no tillage 
Yield soybean in tdm//ha 2 1.3 3.1 1.9 22 1 3.5 2.3 
Yield switchgrass in tdm/ha 10 13.2 6.6 14.6 73 16.7 8.3 
Environmental and Average environmental Average environmental High environmental Low to average 
economic priorities awareness due to awareness due to awareness. Diversification environmental awareness. 
economic constraints. economic constraints. of landscape and renewable Economic growth is 
Protection of the Protection of the energy sources is promoted priority. Competition on 
internal market and internal market and the internal market 
local producers local producers 
Technology level applied Processing plants Processing plants are Making use of larger Up-scaling of processing 
(e.g. pellet plant) are used on a small scale processing plants available plants. Making use of 
used on a small scale in Latin American region state of the art technology 
Land rent switchgrass* 130 110 195 110 124 121 111 110 
(US$/ha/year) 
Land rent soybean* 150 130 225 163 150 130 225 195 
(US$/ha/year) 


* Current land prices in Argentina are high, also in comparison with other countries [7]. Land rent fluctuates largely in Argentina per region and per land-use. The future land rents are based on the availability of S and mS land for 


bioenergy production and on the expected price trends for switchgrass and soybean and their end-products, see also [6]. 
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Soil distribution in La 
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Map 2. Distribution of the soils in La Pampa province, [11]. 


to loamy-sandy soils with little to average organic matter content 
and moderate to high sensitivity for wind and water erosion. This 
sensitivity increases to the west where rainfall is less [11]. The so- 
called Molisols, also classified as Kastanozem soil [19], cover 
66 x 10°ha of the province. Within the Molisols, a further 
differentiation can be made into soil type A and B (see Map 2). 
The land use on soil type A, the ‘sandy plain’, is characterized by a mix 
of agricultural land use. Crop production dominates over cattle 
production. Although these lands have a low sensitivity to erosion, 
there are signs of severe erosion in the past. The rest of the sandy plain 
is represented by less developed soils, sensitive for wind erosion, 
with good permeability and average fertility. In these areas, 
agricultural land use is mixed. Cattle dominates over agriculture 
[11]. The second soil type B is the ‘calcareous plains, hills and valleys’. 
These soils are drier than the soils in the arid plains and developed 
from mid-sandy to sandy sediments. The majority of the soils present 
a gradient of average erosion because ofits characteristics (limestone 
content, drier) and because of overuse from grazing. Several 
locations show severe erosion [11]. The province has introduced a 
program 30-40 years ago to promote the establishment of Weeping 
Lovegrass to improve the quality of the soil in eroded areas. This is an 
areaofaround3 x 10° ha[20]. A disadvantage of this grass species is, 
however, its low forage quality [21]. 


3.3. Water resources in La Pampa province 


The province has limited superficial water sources. The Rio 
Colorado, with a basin of 70 x 10° ha, forms the southern border of 
the province. The second main river (Salado-Chadileuvú) goes from 
north to south in the west of the province and is characterized by 
various tributaries and lakes. The water quantity of the latter is 
deteriorating due to overuse of the water upriver in its side rivers. 
There are some lakes in the province. A drying process is noticed at 
most of the lakes and some of them have disappeared. In the west 
of the province, some salty lakes can be found [11]. Also, the 
continental climate of the region with a wide thermic range 


promotes evapotranspiration, with negative results for the water 
balance in the soil, especially in the west. 

There are eight aquifers in the region with an area ranging from 
7 x 10? to 160 x 10° ha [11]. Most of them are located in the east- 
centre of the province and are replenished during periods of rain. 
The hydrochemical composition of the water varies within and per 
aquifer, depending on the hydrogeology of the area [22]. 
Consequently, potable water is available in some of the aquifers 
[11]. The water in other aquifers shows, however, higher salinity 
levels than allowed for human consumption [22]. 


3.4. Climatic characteristics of the region 


Average annual temperatures in La Pampa province range from 
16 °C in the north-west to 14 °C in the west. Average temperatures 
range between 7 and 8 °CinJuly to22-24 °CinJanuary [23]. Inthe last 
70 years, the climatic pattern in La Pampa province is changing toa 
higher variability of rainfalls, lower maximum and higher minimum 
temperatures and a reduction of frost periods. This situation of inter- 
annual instability is expected to increase in the future [24]. 

The centre of La Pampa province receives around 500 mm of 
rain a year, diminishing towards the west. Low humidity results 
in high contrasts of temperature between day and night. Most rain 
falls in the months September to November and February to March 
[25]. There is limited rainfall from May to August. Although the 
precipitation is low in winter time, it is usually adequate (due to low 
temperatures) for agriculture although it can be too limited for 
double-cropping systems. There are intermittent shortages of water 
in the summer months from two to six weeks, especially in January 
and February, which can be devastating to summer crops [26]. 


3.5. Socio-economic characteristics of the region 
The average population density in the province increased in the 


period 2001-2006 from 2.1 to 2.27 habitants (hab.) per km?. The 
eastern part of the province (around 3 hab./km?) is more densely 
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Table 2 


Summary of the Dutch framework for sustainability principles: the corresponding criteria, indicators and minimum 
requirements defined per criterion are not reported here. For details: see [30]. 


Principles 


W0=XJDOuUAaAUN 


Biomass production must not be at expense of important carbon sinks in vegetation and in soil. 
The GHG balance of the production chain and application of the biomass must be positive 
Biomass production for energy must not endanger food supply and local biomass applications 
Biomass production must not affect protected or vulnerable biodiversity 

Soil and soil quality must be retained or even improved. 

Ground and surface water must not be depleted and its quality must be maintained or improved. 
In the production and processing of biomass the air quality must be maintained or improved. 

The production of biomass must contribute towards local prosperity. 

Biomass production must contribute towards social well-being of employees and local population. 


populated. More to the west, the average population density is 
1.3 hab./km?. The rural population represents 23% of the total 
population in 2001 compared to 35% in 1991 showing a tendency 
towards urbanization [27]. 

The unemployment rate in La Pampa province was on average 
11% in the 1st semester of 2006, which is in line with the average 
unemployment rate in Argentina for that year [28]. The under- 
employment rate? in La Pampa province in that period was 7.5% 
[28]. According to Verner [27], only 20% of the household heads in 
dispersed rural areas are engaged in the formal labour market 
while 80% is engaged in the informal labour market. In 2003, more 
than 75% of the extreme poor households cited agriculture as their 
primary form of employment. The census from 2001 shows that in 
La Pampa province 9% of the interviewed private households have 
insufficient means to facilitate their basic needs [10]. 

The total number of agricultural units in La Pampa province has 
decreased with more than 10% in the period 1998-2002. The 
number of small agricultural units has decreased while the amount 
of larger (>500 ha) agricultural units has increased [29]. The 
dominating size of agricultural units for cultivated land was 200- 
1500 ha (52%) in the period 1998-2002, while 12% had a surface 
area of 5 x 10? to 20 x 10° ha. For perennial fodder, 37% of the 
agricultural units have a surface area of 200-1500 ha and 21% has a 
surface area of 5 x 10? to20 x 10? ha [29]. The most common form 
of agricultural land ownership in La Pampa province is private 
ownership (64%), followed by land tenure (19%) and other forms of 
tenureship. Agricultural units are mainly privately owned (59%), 
followed by different forms of cooperatives (39%). A small 
percentage of the agricultural units (2%) is owned by governmental 
organizations or NGOs [21,28]. 


4. Environmental and socio-economic performance of 
bioenergy chains 


As already indicated, there are various initiatives to develop 
principles, criteria and indicators to measure and evaluate the 
environmental and socio-economic performance of bioenergy 
chains [4]. In this study, the performance will be analyzed based on 
a testing framework developed by the Dutch project group 
‘sustainable production of biomass’ [30]. This framework is at 
this moment one of the most extended ones, covering most of the 
principles also proposed in other initiatives. The principles used in 
this framework, nine in total, are shown in Table 2. They are 
discussed and applied for the La Pampa province in the following 
sections. At the end of each section, a conclusion is given about the 
relative performance of the bioenergy chains for the principle 
discussed. 


2 Underemployment rate: proportion of employed persons who expressed desire 
to have additional hours of work in their present job or in an additional job or to 
have a new job with longer working hours. An additional 2.1% of the proportion of 
employed persons in La Pampa province is underemployed but have no desire for 
additional hours of work. 


4.1. Principle 1: biomass production not at expense of carbon sinks 


This principle states that the possible increase of GHG emissions, 
as a result of soil carbon changes due to the cultivation of areas for 
biomass energy production, must be neutralized by the reduction of 
GHG emissions from the biomass production chain. Areas in which 
the loss of above-ground carbon storage cannot be recovered ina ten 
year period of biomass productivity as well as areas with great risk of 
significant soil carbon losses are excluded [30]. Annual carbon stock 
changes are calculated according to the IPCC approach [31] as 
recommended by [32,33]. The IPCC approach uses a three-tier 
approach distinguished by its required data input. Due to limited 
availability of local data on soil carbon stocks, the Tier 1 approach 
(basic data inventory) is used for this study. The carbon stock change 
for a land use category is defined as the sum of changes from above- 
ground biomass, below-ground biomass, dead organic matter 
(DOM), soils and harvested wood products. The latter is not relevant 
for the selected case studies. DOM stocks are zero for non-forest land 
use categories under Tier 1 [31]. The annual carbon stock change, 
based on an average Molisol (see also Table 3), is therefore [31 ]: 


AClu = ACab + ACbb + ACso (1) 


where: AClu is the total carbon stock changes; ACab is the carbon 
stock change in above-ground biomass; ACbb is the carbon stock 
change in below-ground biomass; ACso is the carbon stock change 
in soils. 

ACso is calculated with formula 2.24 from IPCC.? The net flux 
for inorganic C stocks is zero under the Tier 1 approach [31]. 
Drained organic soils (peat derived soils) are not present in the 
selected region and annual changes in carbon stocks are therefore 
zero. The annual change in carbon stocks in below- and above- 
ground biomass is based on the stock-difference method [31]. The 
available above-ground biomass is the sum of total above-ground 
biomass minus the harvested yield and the removal of a percentage 
of the residues. The remaining amount of residues is available for 
decay and to build up soil organic matter. The following formula‘ is 
used to calculate the available above-ground biomass: 


Y 
G(above) = { dá x (Yea) | x Eman (2) 


where: G (above) is the available above-ground biomass in tdm/ 
ha year; Ycaic is the calculated yield in tdm/ha year; HI is the 
harvest index? (dimensionless); Fman is the management factor in % 
for leaving residues on ground (dimensionless). 


2 ACsoits = ACmineral — Lorganic + ACinorganics where A is annual change, Csoils is 
carbon stocks in soils, Cminerai is organic carbon stocks in mineral soils, Lorganic i$ 
annual loss of carbon from drained organic soils and Cinorganic is inorganic carbon 
stocks from soils. 

4 IPCC provides default values for annual crops and forestry to calculate Gabove). 
As default values for switchgrass (and perennial grasses in general) are not 
available, own calculated data are used. 

5 Harvest index is the ratio of yield biomass to the total cumulative biomass at 
harvest. 
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Table 3 

Default values used for calculating carbon stock changes based on [31], based on [34] if*is indicated in the table. Default values are calculated based on [35] if ** is indicated in 
the table. 

Indicator Default value 


Climatic region 

Soil type 

Ecological zone 

Time dependence period 


Management practice reference land-use on suitable land (S) area 


Management practice reference land-use on marginal suitable land (mS) area 


Management practice current soybean biomass chain (for S and mS land) 


Management practice current Switchgrass biomass chain (for S and mS land) 


Carbon fraction (CF) annual crops 
Carbon fraction (CF) grassland 
Management factor Fman) 

Harvest index grassland systems* 
Harvest index soybeans* 
Below-ground/total biomass grassland 
Below-ground/total biomass soybeans** 


Stock change factor land-use (Fiu) 


Stock change factor for management regime (Fmg) 


Stock change factor for input organic matter (F;) 


Defined area 


Warm, temperate, dry 

HAC soils (including Molisols) 

Subtropical steppe 

20 years (in line with rotation period switchgrass scenario B) 


CUR: Cropland, intermediate input, reduced tillage (C) 
Scenario A: cropland, intermediate input, reduced tillage (C) 
Scenario B: non-degraded grassland (G) 

Scenario C: cropland, high input, reduced tillage (C) 


CUR: degraded grassland, unimproved (D) 

Scenario A: degraded grassland, unimproved (D) 
Scenario B: degraded grassland, unimproved (D) 
Scenario C: degraded grassland, unimproved (D) 


CUR: cropland, intermediate input, reduced tillage 
Scenario A: cropland, intermediate input, reduced tillage 
Scenario B: cropland, intermediate input, no tillage 
Scenario C: cropland, high input, reduced tillage 


CUR: grassland, non-degraded 
Scenario A: grassland, non-degraded 
Scenario B: improved grassland 
Scenario C: improved grassland 


0.47 ton C/tdm 
0.5 ton C/tdm 
50% 


0.5 for intermediate input system 
0.65 for high input system 


0.23 for intermediate input system 
0.30 for high input system 


74% 
12% 


0.58 + 61% for cropland 
1 for grassland (for all permanent grassland) 


1.09 for reduced tillage cropland system 
1.17 for no-tillage cropland system 

0.97 for moderately degraded grassland 
1 for non-degraded grassland 

1.17 for improved grassland 


1 for medium input cropland 
1.37 for high input cropland 
1 for medium input grassland 


Calculated for 1 ha 


The calculated bioenergy crop yields are shown in Table 1 [6]. It 
is assumed that the plant, cultivated on the reference land use 
‘cropland’ (C), is soybeans. Corresponding yields are shown in 
Table 1 for the current situation and for scenarios A, B and C for 
2030. The yield levels for the reference land use ‘non-degraded 
grassland’ (G) correspond with the yield levels for switchgrass. It is 
assumed that the yield levels for the reference land use ‘degraded 
grassland’ (D) are 50% of the yield levels for non-degraded 
grassland. The data sources used for the calculation of formula (1) 
and (2) are shown in Table 3 [31,34,35]. 

A key precondition in the assessment of the potential of 
bioenergy in La Pampa province, under various scenarios, is that 
food and feed demand is met [6]. Leakage is thus explicitly avoided 
in the scenarios. A crucial point in the current debate around the 
net GHG impact of biofuels is induced land use changes. Recent 
studies [36,37] have debated that including GHG emissions from 
indirect land use could drastically worsen or even revert the GHG 
emission balance of energy crop production mainly due to soil 
carbon stock changes. How to include GHG emissions from indirect 
land use changes in the calculation of GHG balances and soil carbon 


stocks is still under debate [38]. One proposal [39] is to make use of 
a so-called “risk adder” as not every increase of biomass leads 
automatically to indirect land use change. The risk adder (or a 
range) therefore describes an average share factor (in %), which is 
adopted for land use change to get an indication of its impact on 
total carbon stock changes. Assume, for example, that half of the 
total biomass production (100 ha) is produced on abandoned 
cropland (50 ha) and the other half is produced on areas inducing 
displacement (50 ha). The risk adder in this example is 50%, which 
means that the carbon stock change from indirect land use change 
is calculated for 50% (50 ha) of the total land area. In this study, two 
alternative scenarios (ALT) are defined to look at the consequences 
of leakage on the carbon stock changes based on the risk adder 
approach [39], using a risk adder of 25% and 50%, respectively. The 
ALT scenarios assume that the production of the previous land use 
system, cropland, in (CUR-S-C) is partly displaced to an area not yet 
in use, which is natural grassland. To calculate the carbon stock 
changes due to this indirect land use change, it is assumed that the 
yield for natural grasslands with limited management is 80% of the 
yield for non-degraded grassland. 
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Fig. 1. Carbon stock changes for switchgrass in current situation and for scenarios A, B and C for year 2030, for different lifetime periods (20, 50 and 100 years) combined with 


different HI (50 years: HI = 


0.7-0.75 for switchgrass and 0.3 for soybean, 100 years: HI = 


0.8-0.85 for switchgrass, 0.4 for soybean. 
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Fig. 2. Carbon stock changes for switchgrass production in (CUR-S) for different reference land-use systems (crop, non-degraded grassland and degraded grassland) and for 
the alternative scenarios (ALT), including the effect of indirect land use change with a risk adder of 25% and 50%, assuming a lifetime period of 20 years. 


4.1.1. Carbon stock changes in the switchgrass bioenergy chain 

The carbon stock changes for the switchgrass production 
system are calculated in ton C/ha year with a lifetime period of 20 
years for the different scenarios. Fig. 1 shows that the current 
situation and scenarios A, B and C have a carbon benefit for 
switchgrass production compared to the reference land use 
system ranging from 0.2 to 1.2 ton C/ha/year. The scenarios (CUR- 
mS-D,° A-mS-D) have the lowest carbon benefits because of lower 
yields and limited differences with the land use reference system. 
The soil carbon changes determine largely the total carbon stock 
changes (see Fig. 1) for almost all scenarios, except for (CUR-mS-D, 
A-mS-D). 

The soil carbon stock benefit in scenario B can be explained by 
the difference in management factor (see Table 3) between the 
reference land use and the switchgrass production system. 
Lewandowski et al. [40] confirm the influence of soil carbon on 
total carbon benefits for switchgrass production after land use 
change, mentioning that switchgrass stores a considerable amount 
of carbon in the soil by increasing the humus content and by the 
formation of high amounts of subsoil rhizomes. The deep, 
productive roots of switchgrass cause an increase of the soil 
organic carbon (SOC) content [41]. Consequently, switchgrass is a 
bioenergy crop with the potential to increase soil C sequestration 
[42]. Fig. 1 shows that the carbon stock benefit for switchgrass 


5 The scenarios are presented by (in this order): (i) indicator for scenario or 
current situation (CUR, A, B, C); (ii) their land use (mS or S land) and (iii) their 
reference land use (G, D and C). See also Table 1. 


production diminish to lower, although still positive, values when 
a longer lifetime period is assumed combined with a higher value 
of the harvest index. 

The influence of different reference land use systems and 
indirect land use is shown in Fig. 2 for (CUR-S-C). In case 
Switchgrass production replaces non-degraded grassland, carbon 
benefits are zero as yields and soil carbon accumulation are 
assumed to be similar. Most benefits are achieved when cropland is 
replaced, followed by degraded grassland. Regional data from La 
Pampa province [43] confirm the IPCC results with field data on 
root carbon content. The highest SOC content is found on the 
switchgrass field followed by forest land and cultivated land with 
root contents of 6760, 5760 and 420 kg/ha, respectively. Similar 
results are found in the USA [41,44]. 

In [44], it is estimated that 182 ton CO>/ha is mitigated and 
1.8 ton CO2/ha is released by SOC when switchgrass replaces 
annual arable cropping in the USA. In case switchgrass replaces 
permanent grassland, no CO, is mitigated by SOC and 1.8 ton CO3/ 
ha is released, showing more negative results than the outcomes 
for scenario (B-S-G). Mind that the results for carbon stock changes 
with reference land use ‘grasslands’ are more positive than the 
results found by Bullard and Metcalfe [44], possibly because this 
study uses the same yield levels for switchgrass production and for 
the reference land use ‘grasslands’ (see Section 4.1.1). 

The two alternative scenarios in Fig. 2 show that an indirect 
land use change in scenario (CUR-S-C) results in a carbon loss due 
to changes in soil carbon, as well as the amount of above- and 
below-ground biomass. 
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Fig. 3. Carbon stock changes in ton C/ha/year for soybean for current situation and for scenarios (A, B and C) to 2030 for different lifetime periods (20, 50 and 100 years) 
combined with different HI (50 years: HI = 0.7-0.75 for switchgrass and 0.3 for soybean, 100 years: HI = 0.8-0.85 for switchgrass, 0.4 for soybean). 


Based on the results, a conclusion is given about the relative 
performance of the switchgrass bioenergy chain for this principle, 
based on a lifetime period of 20 years. The highest score (++) is for 
the scenarios with a carbon benefit of 0.6 ton C/ha/year or more 
within a period of 20 years. This score is achieved when 
switchgrass is produced on S land replacing abandoned cropland 
in CUR and in scenarios A and C. Relative high scores (+), with a 
carbon benefit of more than O and less than 0.6 ton C/ha/year, are 
achieved in scenarios where degraded grassland is used for 
switchgrass production and in scenario (B-S-G). 


4.1.2. Carbon changes for the soybean bioenergy chain 

The carbon stock changes are also calculated for the soybean 
production systems assuming a lifetime period of 20 years. The 
outcomes for the different scenarios show a range of —1.2 to 0 ton C/ 
ha/year compared to the reference land use. There are no changes in 
carbon content when soybean production replaces abandoned 
cropland. There is a carbon loss when soybean production replaces 
degraded and especially non-degraded grassland. The decrease in 
soil carbon can mainly be attributed to the difference in the IPCC 
default values for land use (Flu) between grassland and cropland 
(see Table 3). The influence of the management system (Fmg) on soil 
carbon changes is limited as it is assumed that within one scenario 
both the reference and biomass production system practice the 
same kind of management. The negative carbon stock changes for 
soybean bioenergy production (whole crop) reduces when a longer 
lifetime period is assumed (the total carbon stock change is 


distributed over a longer time period) combined with a higher 
value of the harvest index (Fig. 3). 

Fig. 4 demonstrates the influence of different reference land use 
systems, management systems and indirect land use change on 
carbon stock changes for one scenario (CUR-S-C). Replacing non- 
degraded or degraded grassland by soybean production, results in a 
carbon loss. The decrease in soil carbon content of cropland shifting 
from (natural) grassland is mentioned, among others, by Zach et al. 
[45]. This study in La Pampa province demonstrates that the highest 
C concentration was found under the natural Caldén savannah. 
Conversion of C, pasture to arable land caused a 33% reduction in the 
total topsoil carbon content after 13 years of conventional tillage. A 
second site showed that a 10-13 years cultivated crop area that 
replaced Cy pasture land, lost 38-61% of its former C4 carbon content 
after 10-13 years of cultivation of C3 crops. 

Shifting from a reduced to a no-tillage system results in a net 
carbon stock benefit (see Fig. 4) assuming all other factors remain 
constant. This is confirmed by a study located in the west of Buenos 
Aires [46]. Similar results are found for other sites in the region. 
Several researchers in Argentina have mentioned that IPCC 
standards hardly distinguish differences between agricultural 
practices commonly used in Argentina and more research is 
needed to get better insight in the impact of different agricultural 
systems on the net total GHG emissions [47,48]. Fig. 4 shows that 
indirect land use change from soybean production has an impact 
on the total carbon stock results changing the carbon balance from 
zero in (CUR-S-RT) to —0.5 ton C/ha/year when a risk adder of 50% 
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Fig. 4. Carbon stock changes from soybean production in current situation (CUR-S) for different reference land-use systems (crop, non-degraded grassland and degraded 
grassland), management systems (RT = reduced tillage, NT = no tillage) and for alternative scenarios (ALT), including indirect land use change with risk adder of 25% and 50%, 


assuming a lifetime period of 20 years. 
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is assumed. Mind that this risk reduces significantly when it is 
assumed that the feed (80% of whole crop) generated during 
soybean production is used to reduce the pressure on land use 
conversion (see also Sections 4.3 and 4.4). 

Based on the results, a conclusion is given about the relative 
performance of the soybean bioenergy chain for this principle, 
based on a lifetime period of 20 years. The lowest score (-), with a 
carbon loss of 0.6 ton C/ha/year or more, is estimated for the 
scenarios where degraded grassland is used for soybean produc- 
tion and for scenario (B-S-G). No scenario has a negative score, with 
a carbon loss of 0.6-0 ton C/ha/year. The scenarios in which 
soybean bioenergy production replaces abandoned cropland (CUR- 
S-C, A-S-C, and C-S-C) have a neutral score. A small positive score 
could be obtained in case crop management improvements (as no 
tillage) are made compared to the reference management system. 
Leakage should strongly be avoided as this result in significant 
carbon stock losses. 


4.2. Principle 2: GHG balance of bioenergy chains 


The principles of Cramer et al. [30] request a minimum GHG 
emission reduction of at least 30% for transportation fuels and of at 
least 50-70% (still under debate, the threshold of 60% is used in this 
study) for electricity. The European Commission [49] has agreed on 
a GHG emission reduction requirement of 35% for biofuels and this 
threshold will be further used in this study. The European 
Commission proposes to increase the threshold of 35-50% in 
2017. Cramer et al. [30] also considers to make this criterion 
stricter on the longer-term, suggesting a GHG emission reduction 


requirement of at least 80-90% (the threshold of 85% is used in this 
study). 

The GHG calculation for the bioenergy chains is based on LCA 
methodology as suggested by [32,33,39,49,50] and accounts for all 
GHG emissions that arise between initial land use conversion up to 
the final use of bioenergy. The percentage of GHG emission 
reduction is calculated by dividing the difference in GHG emissions 
from the fossil and bioenergy chain divided by the emissions of the 
fossil reference system [51]. 

The three most important GHGs, carbon dioxide (CO2), methane 
(CH4) and nitrous oxide (N20) are included in the calculation. For 
comparing the impact of the three gases, the concept of global 
warming potential (GWP) is applied following the guidelines of 
IPCC (GWP CH, = 21 and GWP N20 = 310 compared to CO2). Other 
GHGs are not taken into account as they are insignificant in the 
bioenergy production chains [32,33]. 

Nitrous oxide (N20) is produced in the soil from nitrogenous 
fertilisers and from natural mineralisation of nitrogen, by the 
parallel processes of bacterial nitrification and denitrification [52]. 
In this study, N2O emissions are calculated with the Tier 1 
methodology from IPCC [31]. It must be noted that the IPCC 
methodology (Tier 1) largely ignores the variability of emissions 
caused by differences in environmental conditions, crop type and 
agricultural management system [53]. The default values from [31] 
indicate therefore a broad range of data insecurity. However, due 
to lack of more precise input data for the selected region, the IPCC 
approach is used for the calculation of direct and indirect N20 
emissions for the biomass system and the reference land use 
system, as also suggested by [32,33,54]. 


Table 4 

Key input data and references for calculating the GHG emissions of the switchgrass and soybean bioenergy chains for the current situation and for scenarios A, B and C to 2030. 
General input data Unit Emissions Reference 

CO, CHa COzeq 

Production POs fertilizer G/kg P 714 62] 
Production urea kg/kg N 1.3 51] 
Ammonium phosphate kg/kg N 2.8 59] 
Tuck, lorry 28 t G/tkm 223 59] 
Train, freight, rail G/tkm 37.2 59] 
Diesel truck/machinery G/liter 3644 62] 
Ship transoceanic tanker G/tkm 552 59] 
Ship barge tanker, inland ship G/tkm 42.4 59] 
Electricity medium volt. ARG G/kWh 629 59] 
Natural gas, also for heating G/MJ 62 62] 
Coal production and transport g/MJe 20.9 0.34 28.0 57] 
Electricity production coal g/MJe 247.5 2.4 x 107? 2.9 x 107° 2.5 x 10? 57] 
Heat production natural gas* G/MJ th 68.6 60] 
Conversion boiler g/MJ th DSP 57] 
Seeds" kg/kg 105 59] 
Metsulfuron* kg/kg 8.8 59] 
Master/endosulfan® kg/kg 5.8 59] 
Cipermetrinaf kg/kg 28.3 59] 
Roundup - glysophate® kg/kg 15 59] 
Curasemilla (fungicide)" kg/kg 5408 62] 
Hexane, at plant kg/kg 0.9 59] 
Phosphoric acid, 85% H20 kg/kg 1.4 59] 
Tap water, at user kg/kg 3x 10-4 59] 
Methanol at plant kg/kg 0.7 59] 
Hydrochloric acid, at plant kg/kg 0.8 59] 
EF wheat animal feed kg/ton 744 58] 
EF synthetic glycerine kg/kg 9.6 61] 
EF fatty acids vegetable oil! kg/kg 1.2 60] 


* Based on Heat, natural gas, at boiler modulating >100 kW, European situation. 


> Based on GEMIS wood pelleting D 100% conversion. 


c 


4 Metsulfuron based on sulfonyl-urea compounds (at regional warehouse). 


© Endosulfan based on Master (commercial name). 


[59] uses pea seed (regional storage) from Ecoinvent database as reference for soybean seed. 


f Cipermetrina (commercial name Lorsban Plus) based on pyretroid and organophosphorus compounds. 
® Input data Roundup given in liter, converted based on density of 1.17 kg/l for classical formula Roundup [63]. 
Rh EF curasemilla based on the general EF for herbicides from [62] due to lack of more specific data. 


i Fatty acids, from vegetarian oil, at plant European. 
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Fig. 5. Total GHG emissions of biomass and reference land-use system (left) and net GHG emissions from switchgrass cultivation for bioenergy (right) estimated over 20-year 
period in kg CO2.,/tdm/year for current situation and for scenarios A, B and C to 2030. 


The total GHG emissions from the reference land use system are 
GHG emissions coming from the use of inputs as fertilizers, seeds, 
diesel input and herbicides use. The amount of inputs for the 
reference land use ‘cropland’ is the same as the amount of inputs 
calculated for soybean production for bioenergy for a defined 
scenario. The amount of inputs needed for the reference land uses 
non-degraded and degraded grassland is the same as the amount of 
inputs calculated for switchgrass production. For degraded grass- 
land, no fertilizer input is assumed, though. 

Leakage due to biomass production is excluded in this study 
(see Section 4.1). The intensification of the reference land use 
system in the various scenarios (according to the storylines) 
compared to the current situation results in a change in the 
amount of inputs needed for cultivation. This change in amount of 
inputs, and consequently in GHG emissions, of the reference land 
use over time is allocated to the biomass system. 

Bioenergy chains that involve the provision of more than one 
product or service require that the GHG emissions from inputs and 
outputs need to be subdivided between them, which is possible by 
a substitution approach or by allocation based on price, mass or 
energy content [55]. The switchgrass bioenergy chain does not 
have by-products in its chain. The soybean bioenergy chain has 
three by-products: pellets, glycerine and free fatty acids. There is 
an ongoing discussion which allocation or substitution method 
should be preferred or whether this decision should be upon the 
user. The draft Renewable Energy Directive from the European 
Commission proposes that allocation is based on energy content 
[49]. This approach has been adopted by various national 
governments [32,33,56]. Therefore, in this study, GHG emissions 
in the soybean bioenergy chain are allocated to the product based 


CUR A c 
S-C_mS-D_S-C_mS-D S-C_mS-D 


on energy content. Alternative scenarios (see Section 4.2.2) show 
the sensitivity results if other allocation options are used. The input 
data used for the GHG calculation of the two-bioenergy chains are 
shown in Table 4 [51,57-63]. 


4.2.1. GHG balance of the switchgrass bioenergy chain 

The GHG emissions from fuel use, K and P fertilizer input, seeding 
and herbicides input for switchgrass cultivation range from 15 (B-S- 
G) to 54 (CUR-mS-D) kg COz¢,q/tdm/year. The main source of the GHG 
emissions is fossil fuel use, followed by P fertilizer input. In 
comparison, GHG emissions in an European situation are estimated 
to be 104-127 kg COz¢q/tdm in 2004 to 103-123 kg COzeq/tdm in 
2030 for switchgrass production, storage, un-loading and transpor- 
tation (100 km distance) with the latter three items representing 
together around 20 kg CO2eq/tdm [62]. 

Fig. 5 (left side) shows the total GHG emissions for switchgrass 
cultivation and its reference land use system including carbon 
stocks, indirect and direct N20 emissions and extra emissions of the 
reference land use system due to intensified use of the land 
dedicated to bioenergy production. Total GHG emissions are largely 
determined by the carbon stock changes (see also Section 4.1). The 
inputs from switchgrass cultivation represent only a small part of it. 
The net GHG emission results for switchgrass cultivation range from 
—93 (B-S-G) to —484 (CUR-S-C) kg CO2¢q/tdm/year. 

The GHG emissions for electricity production in the Nether- 
lands from switchgrass pellets produced in Argentina transported 
by truck, range from —140 (CUR-S-C) to 76 (B-S-G) g CO2eq/kKWhae1 
(Fig. 6). GHG emissions decrease slightly when train transport is 
used for this route from —172 (CUR-S-C) to 49 (B-S-G) g CO2eq/ 
kWh,;. The total GHG emissions for heating in Argentina from 
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Fig. 6. Total GHG emissions for switchgrass bioenergy production for electricity generation replacing coal in g CO, eq/kWha. The biomass is exported from Argentina to the 
Netherlands by truck or train (inland). Outcomes for the current situation and for scenarios A, B and C for year 2030 are presented. 
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Table 5 


GHG reduction (in %) for current situation and for scenarios A, B and C shown for switchgrass bioenergy production used for electricity generation in the Netherlands, 
replacing coal use, or for local heating in Argentina, replacing natural gas use. Inland transport is by truck or train. The results are differentiated to three lifetime periods. 


Scenarios CUR A C REF? in g CO3¢q/GJ th-el 
S-C mS-D S-C mS-D S-G mS-D S-C mS-D 
Export-train 
20 years 117% 100% 112% 100% 95% 107% 108% 106% 993.5 (in GJel) 
50 years 103% 94% 102% 96% 95% 97% 101% 100% 993.5 (in GJel) 
100 years 99% 93% 99% 95% 92% 96% 99% 98% 993.5 (in GJel) 
Export-truck 
20 years 114% 96% 110% 98% 92% 104% 106% 104% 993.5 (in GJel) 
50 years 100% 91% 99% 94% 90% 95% 99% 97% 993.5 (in GJel) 
100 years 96% 90% 96% 93% 89% 93% 97% 95% 993.5 (in GJel) 
Local use 
20 years 133% 103% 128% 104% 94% 117% 120% 116% 246.9 (in GJth) 
50 years 109% 94% 107% 96% 89% 100% 106% 103% 246.9 (in Gjth) 
100 years 102% 92% 102% 94% 88% 95% 102% 99% 246.9 (in Gjth) 


* REF: emission factor reference energy system. 


switchgrass pellets range from —82 (CUR-S-C) to 16 (B-S- 
G) g CO2eq/kWhip. The contribution of the different process steps 
to total GHG emissions for the various scenarios (see Fig. 7) is 27- 
74% for the cultivation process, 12-37% for the pelleting process 
and 12-40% for transport. 

Table 5 shows the GHG reduction potential (in %) for 
switchgrass bioenergy production for electricity generation in 
the Netherlands (replacing coal) or for local heating (replacing 
natural gas). The GHG reduction of the switchgrass bioenergy 
chains (local use and export) ranges from 88% to 133% for varying 
lifetime periods (see also Section 4.1). The high GHG benefits on 
the short-term of 95-117% reduce somewhat to 92-99% on the 
long-term. 

Based on the results, a conclusion is given about the relative 
performance of the switchgrass bioenergy chain for this 
principle. The highest score (++), with a GHG reduction potential 
of at least 85% for a lifetime period of 20 years, is achieved for all 
scenarios. 

As mentioned, there is a large insecurity range in the calculation 
of the GHG emissions, based on IPCC [31]. Hilbert and Muzio [64] 
indicate for example a variation of 15% in the calculation of the 
GHG balance in Argentina which means a range of 30-60% for a 
calculated GHG reduction performance of 45%. Although a final 
comparison between the scenarios can therefore not be made, 
some indications can be given. 

Generally, the highest GHG reduction performance is estimated 
when switchgrass production replaces abandoned cropland (CUR- 
S-C, A-S-C, and C-S-C). Replacing non-degraded grassland (B-S-G), 
results in a relatively low GHG reduction potential. 

In absolute terms, most GHG emission is estimated when 
switchgrass pellets are exported to the Netherlands to replace coal. 
Also, from an economic perspective, the use of switchgrass pellets 
for energy conversion in the Netherlands is more attractive than 
for local use on the short-term [6]. 


4.2.2. GHG balance of the soybean bioenergy chain 

The GHG emissions coming from fuel use, K and P fertilizer 
input, seeding and herbicides input for soybean cultivation range 
from 133 (CUR-S-C) to 250 (B-mS-D) kg CO2e,q/tdm/year. The 
higher emissions in kg CO2¢,/tdm for scenario (B-mS-D) can largely 
be dedicated to the low yields assumed for this scenario [6]. Fig. 7 
(left side) shows the total GHG emissions for soybean cultivation 
(whole crop) and the reference land use system including carbon 
stocks, indirect and direct N20 emissions and extra emissions of 
the reference land use system due to intensification of land use 
that can be dedicated to the bioenergy system. The net GHG 


emission results for soybean cultivation are largely determined by 
carbon stock changes (see also Section 4.1). 

Soybean is a biological nitrogen fixation (BNF) crop. The 
soybean crop can affect N20 emissions by taking up water and NO 
from the soil, thus reducing N20 emissions [65]. Crops with a low 
C/N ratio like soybean display on the other hand high decomposi- 
tion rates, releasing soluble C and N, thus increasing N20 emissions 
[65,66]. The total direct N20 emissions in Argentina from 1990/ 
1991 to 2000/2001 increased sharply by 85%. Lamers [47] explains 
this increase by the percentual increase of BNF crops (witha strong 
increase in soybean production after 1996/1997) compared to 
legume crops and forages as well as by the burying of agricultural 
residues. 

Soybean can be produced without or with nearly zero nitrogen, 
which is assumed for the current situation. Due to the expected 
imbalance of nutrients over time (see also Section 4.5), an 
increased use of phosphate monoamonico (12% N, 52% P) is 
assumed for the future scenarios, see also [6]. The increase in N 
fertilizer combined with N emissions from mineralisation of soil 
organic matter (see Section 4.1), results in an increase in the 
nitrogen emissions in some of the scenarios, especially in those 
replacing degraded grassland. 

Mind that the Tier 1 methodology from IPCC [31] is based on 
general input data for N emissions from soybean cultivation. Large 
insecurities in results are discussed by various authors [53,67]. 
Some first measurements in Mendoza, Argentina, indicate a N- 
content of below-ground residues of 0.74kgN/kgDM [68] 
compared to an IPCC-value of 0.008 kg N/kg DM. More accurate 
input data are needed on N20 emissions and also on management 
practices, as the latter can reduce GHG emissions (lower energy 
input) and carbon stock changes. 

The net GHG emission results (see Fig. 7, right side) results for 
soybean cultivation (whole crop) show a large variation ranging 
from 0.0 kg CO2eq/tdm year (CUR-S-C) to 4294 kg COz.,/tdm year 
(B-mS-D). The GHG emissions from inputs for cultivation, as fuel or 
fertilizer use, are limited. The land use reference system, and the 
resulting carbon stock changes, is the main determinant for the net 
GHG emissions for soybean cultivation. 

The energy efficiency of the vehicles for fossil fuels and a blend 
of fossil fuels—biofuel are assumed to be the same, being 183.1 MJ/ 
100 km in an European situation for both diesel and diesel mixed 
with 5% biodiesel according to JRC [69]. The GHG emissions for the 
bioenergy production chain from soybeans are therefore calcu- 
lated until delivery of the fuel at the pump. 

Fig. 8 shows the total GHG emission for biodiesel production for 
export to the Netherlands for the current situation and for 
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Fig. 7. Total GHG emissions from soybean and reference land-use system (left) and net GHG emissions of soybean cultivation (whole crop) for bioenergy (right) estimated 
over 20-year period in 100 kg CO2¢q/tdm/year for current situation and for scenarios A, B and C to 2030. 
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Fig. 9. GHG emission results in CUR-S-C in kg CO2¢,/1 for varying possibilities of allocation choices and substitution (Price (1): based on pellet price 385 US$/ton, glycerine 
price 50 US$/ton, soy oil price 1390 US$/ton, biodiesel price ARG 583 US$/ton, Price (2): based on on pellet price 214 US$/ton, glycerine price O US$/ton, soy oil price 615 US$/ 


ton, biodiesel price ARG 583 US$/ton, Sub-av (1): 


pellets and glycerine biodiesel chain are replaced with soybean pellets feed/food chain, GE soybeans = 5.5, 


EF average = 67.2 kg CO2eq/ton product. Sub-av (2): pellets and glycerine biodiesel chain are replaced with maize for animal feed, GE maize = 4.4; EFaverage = 64.6 Kg CO2eq/ton 


product) for biodiesel processing in Rosario with truck transport. 


scenarios A, B and C. The results range from 0.3 kg CO2¢q/1 (CUR-S- 
C-train-ROS)’ to 3.1 kg CO2eq/1 (B-mS-D-truck-ROT)” which is 0.3 
and 3.5 kg CO2eq/kg biodiesel, respectively. In comparison, Pani- 
chelli [59] calculated a GHG emission for biodiesel transported to 


7 The soybean bioenergy chain distinguishes between biodiesel conversion in 
Rosario (ROS) and in Rotterdam (ROT). Inland transport is by means of truck or train. 


Switzerland (delivered at pump) of 1.7, 1.4 and 4.0 kg COz+q/kg 
biodiesel when produced in Argentina, USA and Brasil respectively. 
The GHG emission results for biodiesel (see Fig. 8) are largely 
determined by the impacts of land use change (see Section 4.1). 
Transport and biodiesel processing contribute respectively 33% 
and 66% to the total calculated GHG emissions for the scenario 
(CUR-S-C-train-ROS). GHG emissions from biodiesel production for 
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Fig. 10. GHG emission results in scenario CUR-S-C in kg COzeq/1 for different substitution choices (Sub-min and Sub-max reflect maximum and minimum EF found in 
literature. Sub-min: Soybean pellets are replaced by animal feed coming from extensive hay production. GE = 4.5, EF = —1553.3 kg CO2¢q/ton product. Sub-max: Soybean 
pellets are replaced by wheat bran, GE = 4.5, EF = 744 g COzeq/ton product. Glycerine in the biodiesel process is replaced by synthetic glycerine. GE = 4.3; EF = 9600 kg CO2eq/ 
ton product), based on various literature sources, for biodiesel processing in Rosario with inland truck transport from the crushing to the biodiesel plant. 


local use range from 0.2 kg COze,q/1 (CUR-S-C-train-ROS) to 
3.0 kg CO>e4/1 (B-mS-D-truck-ROS). GHG emissions are lower 
when the train is used for inland transport combined with 
biodiesel processing in Rosario. 

Figs. 9 and 10 show the range in GHG emission results for 
scenario (CUR-S-C-truck-ROS) when different allocation methods 
(mass, price and energy) and substitution options are used. 
Variations in price data are based on [6,70]. Variation in the input 
data for substitution is based on data ranges of the replaced by- 
product derived from various literature sources [51,60,61,71,72]. 
The gross energy values (GE) for animal feed are based on [73]. The 
estimated range in results when different allocation methods are 
used is 0.3 to 0.4 kg COzeg/l, which leads to a variation in GHG 
reduction performance ranging from 90% to 92%. The estimated 
range in results when different input data (between minimum and 


Table 6 


maximum values found in literature) for substitution are used is 
—4.7 to 9.0 kg COz¢q/1, which leads to a variation in GHG reduction 
performance ranging from —147% to 228%. The estimated range in 
results between options (Sub-av1) and (Sub-av2) is 0.02 kg CO2¢q/I. 
The results show that price allocation is quite sensitive to price 
fluctuations while results in substitution can vary according to the 
product replaced and the data sources used for that product. This 
creates a large uncertainty in the results. Allocation of GHG 
emissions based on energy content is therefore preferred. 

Table 6 shows the GHG reductions (in %), based on allocation of 
energy, for the various scenarios for biodiesel production from 
soybean, ranging from 16% to 94% for varying lifetime periods (20- 
100 years). In comparison, Hilbert and Muzio [64] have calculated 
the GHG balance for biodiesel from intensive soybean cultivation 
in Santa Fe province resulting in a GHG reduction of 74% (with a 


GHG reduction (in %) for current situation and for scenarios A, B, and C for soybean bioenergy production, replacing fossil diesel use. Soybean is produced in La Pampa. 


Biodiesel processing is located in Rosario or in Rotterdam. The biodiesel is exported or 


locally used. The results are presented for three lifetime periods. 


Scenarios CUR A-2030 B-2030 C-2030 REF? diesel in kg CO>eg/l 
S-CR mS-D S-CR mS-D S-GR mS-D S-CR mS-D 
Export chain-inland transport by train — biodiesel processing in Rosario 
20 years 93% 49% 91% 50% 53% 16% 92% 77% 3.64 
50 years 93% 75% 91% 74% 80% 62% 92% 85% 3.64 
100 years 93% 83% 91% 82% 86% 75% 92% 87% 3.64 
Export chain-inland transport by truck - biodiesel processing in Rosario 
20 years 92% 48% 90% 49% 52% 15% 91% 76% 3.64 
50 years 92% 74% 90% 73% 79% 61% 91% 84% 3.64 
100 years 92% 82% 90% 81% 85% 74% 91% 86% 3.64 
Export chain-inland transport by train - biodiesel processing in Rotterdam 
20 years 93% 49% 91% 50% 53% 16% 92% 77% 3.64 
50 years 93% 75% 91% 74% 80% 62% 92% 85% 3.64 
100 years 93% 83% 91% 82% 86% 75% 92% 87% 3.64 
Export chain-inland transport by truck - biodiesel processing in Rotterdam 
20 years 92% 48% 90% 49% 52% 15% 91% 75% 3.64 
50 years 92% 74% 90% 73% 79% 61% 91% 84% 3.64 
100 years 92% 82% 90% 81% 85% 74% 91% 86% 3.64 
Local use of biodiesel - inland transport by train - biodiesel processing in Rosario 
20 years 94% 51% 93% 52% 55% 18% 93% 78% 3.64 
50 years 94% 77% 93% 76% 81% 64% 93% 87% 3.64 
100 years 94% 85% 93% 83% 88% 77% 93% 89% 3.64 
Local use of biodiesel — inland transport by truck - biodiesel processing in Rosario 
20 years 93% 50% 92% 51% 53% 17% 92% 77% 3.64 
50 years 93% 76% 92% 75% 80% 63% 92% 86% 3.64 
100 years 93% 84% 92% 82% 87% 76% 92% 88% 3.64 


* REF: emission factor reference energy system. 
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variation of 15%). This is in line with the results of this study. 
Typical values for biodiesel from soybean estimated by JRC [74] are 
between 31% and 40%. 

Based on the results, a conclusion is given about the relative 
performance of the soybean bioenergy chain for this principle. The 
scenarios replacing abandoned cropland (CUR-S-C, A-S-C, and C-S- 
C) have the highest score (++). A relative high score (+), with a GHG 
reduction requirement of more than 35% [49], is estimated for the 
scenarios replacing degraded grassland and for scenario (B-S-G). 
Scenario (B-mS-D) does not meet the GHG reduction requirement 
of 35%, based on a lifetime period of 20 years. Mind that the GHG 
reduction performance improves for the soybean bioenergy chain 
when longer lifetime periods are assumed. As Table 6 shows, 
scenario (B-mS-D) would meet the GHG reduction requirement of 
35% when a lifetime period of 50 years or more is assumed. 


4.3. Principle 3: biomass production must not endanger food supply 
and local applications 


Principle 3 deals with land competition and the use of land 
for the production of energy carriers in state of food, feed or 
other applications. No defined methodology is yet established to 
map out the effects of the production of biomass for energy 
carriers on food security and other local applications and to 
evaluate these effects related to sustainability standards. Cramer 
et al. [30] recommend that most aspects of this theme are 
monitored at a macro level. For doing this, the following data on 
project level are needed: food prices, land prices, ownership of 
land and availability of food. In this study, we will use the 
reporting approach and parameters mentioned by Cramer et al. 
[30]. Also, we start from the assumption that in the reference 
case food and feed production meets the demand [6]. The 
following criteria are used: 


I. Economic effects of land use for bioenergy production with as 
indicators: impacts on land and food and feed prices; 

IL. Land use change due to biomass production with as indicators: 
expected changes in land ownership, in vegetation and in crop 
pattern. 


At present, no standardized methodology exists yet to assess 
these indicators. This study looks at ongoing price and land use 
trends in the defined region to place the information in a macro 
perspective and to estimate impacts of bioenergy production 
following the selected indicators. 


4.3.1. Economic effects of land-use for bioenergy production: land 
prices 

Land prices increased strongly in the last few years in 
Argentina. Average increases of 10% in agricultural land rents in 
2006/2007 compared to the previous year are mentioned by 
Bertello [75]. Similar increases (10-15%) are mentioned for 2007/ 
2008 [76]. This is caused by various factors [75]. Land rents are 
pushed by high outputs and price levels for annual crops as 
soybean or maize. This creates good income perspectives for 
farmers, especially with the expectation of further increasing 
yields. Consequently, there is a high demand for renting suitable 
land for annual crop production and a supply that does not catch 
up. Also, the agricultural sector is seen as a secure financial 
investment. The increase in land rents as well as other costs and 
investment costs forces producers to select a crop with sufficient 
income [75]. 

The land rental costs (see Table 1) have been determined for the 
various scenarios, based on assumptions on demand and price of 
the harvested product and the availability of land for biomass 
production [6]. 


Some first conclusions on the relative performance of the 
bioenergy chains for this criteron can be drawn but should be taken 
with caution. A negative score, with an increase in land price of 20% 
or more compared to the current situation, is estimated for 
scenarios A and C in the soybean bioenergy chain and for scenario 
(A-S-C) in the switchgrass bioenergy chain. A positive score, witha 
decrease in land price compared to the current situation, is 
estimated for scenarios (B-S-G) and (C-S-C) in the switchgrass 
bioenergy chain, due to a larger availability of surplus land from 
perennial fodder [6]. 


4.3.2. Economic effects of land-use for bioenergy production: food and 
feed prices 

Due to high inflation rates, food prices in Argentina have 
increased in the last few years although the government 
announces yearly a maximum price to avoid strong increases 
for the principal food products. The price of products falling in the 
category “oils and fats” increased strongly between 2002 and 2007 
due to a strong international demand and insufficient production 
[77]. As the price increased 218% in the period 2002-2006, the 
government agreed to provide a subsidy to keep local price 
increases within a bandwidth. This agreement was ratified in June 
2007. Related to this development, Marelli and Pristupluk [77] 
mentions a shortage of vegetable oils (especially sunflower oil 
followed by other oil types), caused by limited production capacity 
and increasing (international) demand. 

The demand on products from biomass for energy production 
increases as well over time, depending on the scenario, which is 
reflected in the price of these products. Assumptions about the 
price of switchgrass (pellets) and soybeans (meal, vegetable oil) are 
included in the various scenarios [6]. These prices are expected to 
increase over time with the highest price increase for scenario C. At 
present, these products are largely produced for export and not for 
internal demand. For example, more than 90% of the soybean meal 
is exported [48]. An increase in biodiesel production (around 20% 
of the harvested soybean production), will result in a stronger 
increase of valuable protein (around 80% of the harvested soybean 
production). This may result in a surplus of flour [48] and 
consequently in a price decrease. The intensification of livestock in 
Argentina over time in the various scenarios in this study provides 
a growing market for this product, though. The required 
production from feed crops increases, for example, from 
8 x 10? tons in the current situation to 35 x 10? tons in scenario 
C in 2030 [6]. 

The dynamics of food and feed prices over time is influenced 
by a wide range of factors (demand for land, development of 
international markets, growth of economies, labour costs, etc.) 
partly embedded in the storylines of the scenarios. A clear 
conclusion on the effect of a biomass energy production project 
in the region on food and feed prices can therefore not be 
drawn as this is beyond the limits of this study. A first indication 
can be given, though. Food and feed prices, as assumed in the 
scenarios, will increase. This increase goes hand in hand with 
economic growth [6]. Whether this increase shows a linear or 
non-linear relation with the expected economic growth cannot 
be said. 


4.3.3. Land use change due to biomass production 

Human induced land use changes are already happening in La 
Pampa province since the 1800s. Until 1980, the area of cropland 
and cultivated pasture has expanded displacing cattle production 
to the semi-arid, marginal lands of the western pampas [78]. The 
conversion of natural grasslands into cultivated grasslands was not 
homogenous. No single crop has expanded all over the region and 
livestock has not been removed from better lands in all areas. The 
process of overgrazing in the semi-arid region of La Pampa already 
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Fig. 11. Schematic picture of the current land use changes in La Pampa province. *Cattle raisers, moving to the west, in generally do not adapt their cattle load (number of 


livestock/ha) to the less productive areas. 


started in the beginning of the 1900s [79]. Recently, a high 
profitability of annual crops, combined with an increase in 
precipitation and increased use of no-tillage management [80], 
has enlarged the area under agricultural rotation, which in return 
leads to increasing pressure on the west frontier of the semi-arid 
region of La Pampa province. The associated displacement of cattle 
generates a significant increase of the cattle load to the west, to 
areas dominated by natural pasture. This trend (Fig. 11) has 
already caused the loss and degradation of natural grasslands and 
severe erosion processes [24]. The recent land use changes in La 
Pampa province are mainly caused by economic incentives for the 
farmer, receiving high prices for annual crops, and the possibility to 
extend the production of profitable crops to other areas within the 
region. Livestock production is traditionally characterized by low 
productivity, income and profit. The need for large areas and the 
low profit per area makes livestock production only viable in areas 
where land prices are low. Consequently, when infrastructure 
improves and more intensive land uses as soybean production start 
to predominate, cattle production will be displaced, intensified or 
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decreased. Displacement can lead to ecosystem degradation, as 
shown in Brazil [81]. 

In this study, it is assumed that leakage, as the displacement of 
extensive cattle production due to biomass energy production, 
can and will be avoided (see Section 4.1). Direct land use changes 
that still can be expected in La Pampa province in the various 
scenarios are shown in Fig. 12. The contribution of bioenergy 
production to these land use changes is, however, difficult to 
define. A clear conclusion on the impact of biomass energy 
production on land use changes can therefore not be drawn, 
although some first indications can be given: 


e Although leakage is not an issue in this study, it is an existing 
problem in the selected region. Therefore, care must be taken to 
further provoke the ongoing conversion of pasture areas, 
including natural habitats, to cropland areas. Bioenergy 
production on non-degraded grassland areas (B-S-G) may 
therefore be an undesirable action as it can cause important 
leakage effects; 
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Fig. 12. Key consequences and expected direct land-use changes in scenarios according to story lines. 
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e Soybean production for bioenergy will strengthen the already 
ongoing conversion of grassland areas to cropland areas and will 
contribute to an ongoing change in land ownership in the region. 

This impact is expected to be limited when soybean for 

bioenergy is produced on abandoned cropland areas (CUR-S-C, 

C-S-C and A-S-C). Switchgrass production is expected to soften 

the ongoing land use changes; 

When pellets produced in the soybean bioenergy chain are used 

within the region for livestock production, surplus land will be 

generated [6]. As only a limited amount of this land meets the 
individual crop requirements for soybean production [6], the 
remaining land may come available for alternative options 

(grassland, nature protection, switchgrass production), which 

will have a softening effect on the ongoing land use changes in 

the region. 

e The competition between the use of land for biomass energy 
production or for other annual crops is smaller for switchgrass 
than for soybeans as the agroecological area (taking into account 
the individual crop requirements) for switchgrass production is 
larger [6]. 


Thus, switchgrass production may have a relative positive 
performance for this criterion, due to its softening impact on 
ongoing land use changes, while soybean production may have a 
relatively negative performance. 


4.4. Principle 4: biomass production must not affect biodiversity 


Cramer et al. and the European Commission [30,49] propose 
that biomass plantations must not be located in protected areas or 
areas with a high conservation value. This neglects the effects from 
biomass energy production on biodiversity outside HCV areas. 
Dornburg et al. [82] recommend therefore to include this aspect in 
a biodiversity impact analysis. The impact of biomass production 
on total biodiversity is estimated in this study by investigating: 


I. The probability of biomass production in HCV areas; 
IL. the impact of biomass production on local biodiversity (agro- 
biodiversity). 


Forest areas and protected areas (see Map 1) are excluded from 
biomass production [6] in this study. Consequently, the reduction 


of HCV areas due to biomass production should not happen. 


Table 7 


Therefore, this aspect will not further be discussed. The possible 
impact of large-scale biomass production on the agro-biodiversity 
in the region [82], due to changes in the biodiversity value as a 
result of land converted to bioenergy crop production, is estimated 
by the ‘Mean Species Abundance’ (MSA). The MSA is used by 
Dornburg et al. [83] as an indicator for the short-term impact on 
the biodiversity on land converted from actual land uses to 
bioenergy crop production. The possible impact of (increased) 
herbicides and pesticides use from biomass energy production on 
the local biodiversity in the region, as mentioned by Berkum et al. 
[84], is included in the MSA value. Available literature is used as an 
additional verifier for the MSA indicator. 

Although a stakeholder consultation to designate biodiversity 
values in the region, as applied in the HCV methodology [85], 
would have been valuable for this study, this was not possible due 
to time limitations. The compliance of national and local 
regulations, as suggested by Cramer et al. [30], is not further 
discussed as the protection of biodiversity is incorporated into 
national and provincial regulations (see Section 3.1). 


4.4.1. Possible impacts of bioenergy cultivation on the agro- 
biodiversity in La Pampa province 

It can be concluded from Sections 3.1 and 4.3 that the natural 
pasture land areas, including the ‘Bosque de Caldén’ should be 
protected to maintain its biodiversity. Important for the local 
biodiversity of biomass energy production areas are the crop type 
and the reference land use system [82]. Whether a given biomass 
production system can contribute to biodiversity depends also onthe 
prevailing local species and the type of habitats they require. Crop 
types should be favored that match native ecosystem types [86]. 

Table 7 shows the MSA values and the expected impacts of 
biomass production from soybeans and switchgrass on the 
biodiversity values in La Pampa province [40,62,83,87]. As no 
MSA value is available for biomass production replacing extensive 
grasslands in the temperate zone [82], the value for extensive 
grasslands in the tropical zone is used instead for scenario (B-S-G). 

Based on the results, a conclusion is given about the relative 
performance of the bioenergy chains for this principle. Relatively 
high scores, meaning the MSA indicator is positive, are estimated 
for the scenarios replacing abandoned cropland with switchgrass 
production (CUR-S-C, A-S-C, and C-S-C), especially when cropland 
with a conventional management system (A-S-C) is replaced. 
Although switchgrass production on degraded grasslands has a 


Expected impacts and MSA values for biomass production from soybeans and switchgrass replacing various land-use systems. A negative MSA value indicates a biodiversity 


decrease; a positive value indicates a biodiversity increase. 


Reference land-use MSA Bioenergy system 


Expected impacts 


Existing grassland 0 
(intensive, in temperate region) 


Soybean 


+0.2 Switchgrass 


Change in original natural ecosystem (pasture, Caldenal region) and its forms of life which leads 
to disruption of ecosystem. Risk for possibility of defragmentation of corridors [87] 
Positive impacts on biodiversity [62] due to increase in soil micro-organisms, soil fauna and 


niches for various species [40] 


Change in original natural ecosystem (pasture, Caldenal region) and its forms of life which leads 


to disruption of ecosystem. Risk for possibility of defragmentation of corridors [87] 


Degraded grassland (marginal land) —0.2 Soybean 
0 Switchgrass 
Existing cropland 0 Soybean 


(intensive, in temperate region) 
+0.2 Switchgrass 


Possibilities to restore biodiversity if sustainably managed. 


No disruption of ecosystems 


Positive impacts on biodiversity [62] due to increase in soil micro-organisms, soil fauna and 


niches for various species [40] 


Extensive grassland —0.2 
(tropical region) 


Soybean 


0.1 Switchgrass 


Change in original natural ecosystem (pasture, Caldenal region) and its forms of life which leads 
to disruption of ecosystem. Risk for possibility of defragmentation of corridors [87] 
Match to existing original ecosystem types (pasture, Caldenal region) in La Pampa province 


(limited disruption) 


Natural vegetation 0.4% Soybean 


Change in original natural vegetation and its forms of life which leads to disruption of ecosystem. 


Risk for possibility of defragmentation of corridors [87] 


* The conversion of existing cropland to natural vegetation has a MSA value of +0.4. 
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neutral score, possibilities to restore biodiversity if sustainably 
managed may be possible. Negative scores, when the MSA 
indicator is negative, are estimated when biomass production 
replaces non-degraded grassland. Soybean production on non- 
degraded grassland also results in a negative score. This effect can 
be minimized when the feed produced (80% of whole crop) is used 
within the region for livestock production. For example: 
65 x 107 ha of extra land (a 38% increase) with variable land 
suitabilities can be generated in scenario C in 2030 [6]. When we 
assume that with every hectare of abandoned cropland for soybean 
production, 0.4 ha of extra generated land is used for grass 
cultivation (MSA = +0.2) or for restoration of the natural vegetation 
(MSA = +0.4), the MSA value from scenario (C-S-C) could change 
from 0 to 0.1 (100% x 0 + 38% x 0.2) or 0.15, respectively. 


4.5. Principle 5: biomass production and processing and soil quality 


This principle includes three criteria including no violation of 
national laws and regulations, the appliance of best practices and 
safeguarding that residual products must not be at variance with 
other local functions for soil conservation [30]. Cramer et al. [30] 
propose, beside compliance with legislation and best practices, 
reporting on (i) soil loss; (ii) N, P and K nutrient balance and (iii) soil 
organic matter and pH in the top layer of the soil. The compliance 
with legislation and best practices cannot be determined before- 
hand. The focus of this study is therefore on possible impacts of 
bioenergy production on soil loss, nutrient balance and soil organic 
matter (SOM). The soil loss is calculated using the so-called 
Universal Soil Loss Equation (USLE) as suggested by Smeets et al. [5]: 


A=RxKxIs5xCxP (3) 


where: A is the soil loss (in ton/ha); R is the rainfall erosion index 
(in MJmm/hah); K is the soil erodibility factor (ton ha h/ 
ha MJ mm); Ls is the length of slope factor (dimensionless); C is 
the crop/vegetation management factor (dimensionless); P is the 
agricultural practice factor (dimensionless). 

The USLE equation calculates the water soil loss (in ton/ha year) 
under various vegetation types. Soil loss by wind erosion is not 
included in the equation. Input data used are shown in Table 8 
[5,25,88-92]. 


The nutrient and SOM balance of the soil are determined by the 
inflows and outflows in the soil over a defined time period. 
Nutrient budget and nutrient-balance models exist on a regional 
and national [93,94] to farm level [95]. Applications of these 
methods [93-95] require a substantial amount of data, including 
field measurements for the collection of data on soil character- 
istics, material flows and crop nutrient requirements [96]. As this 
study looks beforehand at possible impacts from bioenergy 
production within a limited time frame, a more simplified 
approach is needed. The loss of nutrients from N, P and K is used 
as an indicator for the nutrient balance by Smeets et al. [97]. This 
approach requires data on the nutrient recovery efficient and on 
the mineral composition of the crops. The latter is affected by the 
composition of the soil, and thus by its location. A consistent data 
set for Argentinean circumstances for switchgrass and soybeans, 
required for this equation, is not available. 

A reference indicator is therefore used in this study to analyze 
the SOM and nutrient balance of the soil, which is the net carbon 
stock change (as calculated in Section 4.1) as changes in soil carbon 
and soil organic matter (SOM) are highly interrelated [46,86]. La 
Pampa province is characterized by alkaline soils with pH values 
between 6 and 8.5 [98], which limits the risk for environmental 
acidity. Possible impacts of bioenergy production on the pH of the 
soil are therefore not further discussed in this study. 


4.5.1. Soil erosion 

The soil loss from soybean production varies from 2 (B-S-G) to 
10 (A-mS-D, CUR-mS-D) ton/ha/year. The soil loss from switch- 
grass production is limited, ranging from 1 (CUR-S-C, A-S-C, B-S-C) 
to 2 (C-mS-D) ton/ha/year (see Fig. 13), as its permanent cover 
effectively controls surface water run-off. There is, however, an 
erosion risk for switchgrass production during its establishment 
phase as seedling growth rates of warm season grasses are often 
slow. This risk can be limited by using appropriate species and 
improved establishment systems that hasten attainment of the 
complete canopy cover [99]. 

Based on the results, a conclusion is given about the relative 
performance of the bioenergy chains for this criterion. The highest 
score (++), when the annual soil loss in the biomass production 
system is reduced with more than 2 ton/ha/year compared to the 


Table 8 
Input data and references for factors used in USLE equation. 
Factors used in USLE Input data References 
S land mS land 
Rainfall (mm/year) 700 600 [25] 
R (in MJ mm/ha h) 1839 1435 Calculated 
K (ton ha h/ha MJ mm) 0.03 0.04 [88] 
Slope length (m) 61 61 [89] 
Slope gradient (%) 4 5 [89] 
LS (dimensionless) 0.58 0.76 Calculated 
P (dimensionless) 0.5 for contour farming [5] 
C soybean (dimensionless) e Soybean - conventional system : 0.45 [90-92] 
Based on C data corn-soybean rotation for conventional tillage 
system (0.37-0.42) and for tillage system (0.25-0.48). 
e Soybean - no-tillage system: 0.15 
Based on C data corn-soybean rotation, ranging from 0.1 to 0.28. 
Note: soybean residue provides less protective cover than corn silage 
e Soybean no tillage - high input: 0.30 
Based on C data for continuous soybean 
(20% cover, average yield, conservative tillage) C = 0.31 
C switchgrass (dimensionless) e Intermediate agricultural input system: 0.05 [5] 
e Mixed agricultural input system: 0.05 
e High agricultural input system: 0.10 
C degraded grassland (dimensionless) 0.40 Estimation 
C grassland full coverage (dimensionless) 0.02 for hay and pasture in general [89] 
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Fig. 13. Annual soil loss in ton/ha/year for switchgrass and soybean production for bioenergy for current situation and for scenarios A, B and C for the year 2030. 


previous land use system, is found when soybean production with 
a no-tillage system (C-mS-D, B-mS-D) replaces degraded grass- 
land. The use of no tillage or reduced tillage decreases soil erosion 
compared to repeated tillage [99] as there is a decrease in 
disruption of soil macro-aggregates and carbon turnover [100] and 
an improvement of the physical and hydrological properties of the 
soil [84]. The highest score is found when switchgrass replaces 
abandoned croplands (A-S-C, CUR-S-C) or degraded grasslands. A 
relatively high score (+), when annual soil loss in the biomass 
production system decreases with O to 2 ton/ha/year compared to 
the reference system, is found for scenario (C-S-C). These findings 
are confirmed by Kort et al. [99] mentioning an erosion reduction 
when cropland is converted to herbaceous biomass production in 
the US, especially in areas containing highly erodible land. 

There are no changes in annual soil loss when soybean 
production replaces abandoned cropland (CUR-S-C, A-S-C and C- 
S-C). A negative score (—), when annual soil loss increases 0-2 ton/ 
ha/year compared to the reference system, is found when soybean 
production replaces degraded grassland. Replacing non-degraded 
grassland with biomass production (B-S-G) creates an annual soil 
loss increase of 0.5 and 2 ton/ha/year for, respectively, switchgrass 
and soybean bioenergy production. 

The results show the possible risks of bioenergy production for 
water soil erosion, excluding possible risks for wind soil erosion. 
The latter can be substantial in La Pampa province though, as [79] 
mentions that approximately 16 x 10* ha are moderately affected 
by wind erosion in plowed areas at the eastern part of La Pampa 
province while 185 x 10° ha have suffered severe damage. 


4.5.2. Soil nutrient balance 

Using carbon stock changes as an indicator (see Section 4.1); it 
can be assumed that most benefits in SOM can be achieved when 
switchgrass replaces cropland, followed by the replacement of 
degraded grassland. The results are confirmed by McLaughlin et al. 
[101] mentioning a significant increase in SOM after four years of 
switchgrass production in the US. The results from Section 4.1 
indicate that a decrease in SOM can be expected when soybean 
production replaces degraded and non-degraded grassland. 

According to the results from Section 4.1, there is no change in 
SOM content when soybean is produced on abandoned cropland. 
Various literature sources show, however, the risk for unbalance of 
nutrients when practising long-term intensive agriculture in 
Argentina. National research in 1999/2000 for vegetable oil and 
grain production estimated that only 50% of the consumed phoshor 
and 0.4% of the consumed potassium was brought back into the soil 
[102]. Similar results are shown by Galarza et al. [103]. Castino 
[104] mentioned that - in subsequent order - only 2%, 27% and 18% 


of the consumed nitrogen, phosphor and sulfur for soybean 
production was brought back into the soil. Explanations for these 
nutrient deficits are the high nutrient extraction from soybean 
(240 N, 27 P, 78 K kg/ha) compared to other annual crops and a 
further intensification of agriculture without sufficient inputs 
[104]. Soil nutrient deficits may result in a yield decrease [84,86]. 
The unbalance of nutrients for soybean for 2007/2008 in the region 
North Buenos Aires® was estimated to have an economic cost of 
242 US$/ha [105]. 

Based on the results, an indication is given about the relative 
performance of the bioenergy chains for this criterion. A final 
conclusion cannot be given though, as the results show a large 
insecurity because the carbon stock change is used as a reference 
indicator. The ratings of the scores for different scenarios and 
systems are presented and explained in Section 4.1. Long-term 
intensive agriculture combined with no fertilizer use can result in 
nutrient deficits. For this reason, scenario (CUR-S-C) should have a 
more negative score for this criterion than indicated in Section 4.1. 


4.6. Principle 6: biomass production and processing and water quality 
and quantity 


Cramer et al. [30] state that ground and surface water must not 
be depleted and that the water quality must be maintained or 
improved during the production and processing of biomass. This 
principle has been translated to a set of criteria stating that 
biomass production and processing must not be at the expense of 
water from non-renewable sources, or at the expense of ground 
and surface water quality, and that national legislation and 
regulations must not be violated. Cramer et al. [30] propose to 
verify the risk for depletion of water sources by data on the use and 
origin of irrigation water and on water-use efficiency. As the use of 
irrigation for bioenergy production is excluded in this study [6], 
this will not be further discussed. Yet, the production of soybean 
and switchgrass may have an impact on the water balance in an 
area via changes in the evapotranspiration, runoff and percolation. 

The possibility of water depletion due to biomass energy 
production is estimated by Smeets et al. [97] with a simple water 
balance equation in which the evapotranspiration is compared 
with the effective rainfall. 


WS = —((ETo x Ke) — P) (4) 


where: WS is the water shortage (mm/month); ETy is the reference 
evapotranspiration (mm/month); Keis the crop evapotranspiration 


8 Based on the 1st planting and an average yield of 4 tdm/ha. 
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Table 9 
Crop evapotranspiration coefficient K. (dimensionless) and water-use efficiency (WUE) in product g DM/kg water transpired for selected crops. 
Crop Ke Reference WUE Reference 
g DM/kg water GJ/ton water 
Soybean 0.91 [108 0.37-0.64 1.95-3.37* 82] 
0.37-0.44 112] 
- Initial stage 0.5 [109 
- Mid season 1.15 [109 
- Late season 0.5 [109 
Corn 1.0 [108 0.7-1.41 82] 
0.75-1.23 112] 
Wheat 0.87 [108 0.69-0.86 82] 
Switchgrass 0.98 [110 
Miscanthus 1-9.5 18.5-175.8> 1181 
4.1-22 82] 
Pasture 0.98 [111] 
Pasture rotated grazing 0.95 [97] 
Energy crops 0.3-14.2 114] 
(3 crops 2-3 115] 
C4 crops 3.5-4.5 14151] 


* Based on 18% oil content, 0.93 kg oil/l oil, 0.96 1 biodiesel/l oil calculated per t DM. 


> Calculated per t DM, energy content of 18.5 GJ/ton. 


coefficient (dimensionless); P is the effective precipitation (mm/ 
month). 

The same formula is used in this study to estimate the possibility 
for depletion of water resources. Monthly precipitation data are 
available from the weather station Anguil in 2006/2007 [25]. 
Temperature data, required as input to calculate ETo, are taken from 
a standardized data set for Santa Rosa (La Pampa) from the 
CROPWAT software tool [106]. The effective precipitation P and the 
reference evapotranspiration® ETo are calculated using CROPWAT 
[106]. The factor K.!° is the ratio between the actual non-water 
limited water demand to the reference evapotranspiration [97]. Ke 
data for various crops are shown in Table 9 [97,107-111]. 

The water-use efficiency (WUE), also shown in Table 9 [82,112- 
115], is used as a second indicator in this study for evaluating the 
agricultural productivity and water resource utilization, as also 
suggested by Dornburg et al. [82]. The performance of the 
bioenergy chains in relation to water quantity focuses on use of 
water by the energy crops, in line with the studies from Smeets 
et al. and Dornburg et al. [62,82]. Water use related to the 
processing facilities is limited for the bioenergy chains investi- 
gated and will not be further discussed in this study. 

Chemical contamination of water streams and underground 
aquifers with residues of agrochemical products and fertilizers can 
have a negative impact on the environment [26]. Cramer et al. [30] 
propose to report on the responsible use of agrochemicals and to 
measure the impact of biomass production on the water quality 
with field tests in the area. The latter is not applicable for this study 
as we analyze the impacts beforehand. The relative toxicity of 
agrochemicals is analyzed in Smeets et al. [97] to determine the 
risk for pollution of agrochemicals from biomass production and, 
consequently, the environmental risks. The impact of fertilizers on 
the environment is not mentioned by Smeets et al. [97] or Cramer 
et al. [30], although this can have an eutrophication effect on the 
groundwater. This criterion is therefore included in this study, 
resulting in the following set of criteria to get insight in the 


° ETo is the evapotranspiration for a well-managed (disease free, well-fertilized) 
hypothetical grass species grown in large fields and for which water is abundantly 
available [97]. 

10 Note that the comparison based on the Kc, indicates the relative difference in 
water demand under non-water limited conditions, rather than the actual water 
use [97]. 


possible impact of biomass production and processing on the 
water quality in the region: 


e Limited use of agrochemicals combined with a low toxicity level 
with indicators: agrochemical input and their water solubility 
and toxicity level; 

e Limited impact of fertilizers on the water quality with indicator: 
N2O-N emissions from leaching. 


The risk for water contamination in the processing industry in 
the region is expected to be limited due to existing legislation 
[116-118] and will not be further discussed in this study. 


4.6.1. Performance of bioenergy chains in relation to water quantity 

The K, factors in Table 9 show that switchgrass has a larger 
water need over its growing period compared to soybeans. This is 
confirmed by Hall [119] mentioning that the evapotranspiration 
rate of switchgrass is expected to be higher compared to traditional 
annual crops due to its fast growth, large leave area and deep 
rooting system that leads to a higher rainfall interception. As a 
result, deep percolation and runoff of water to groundwater 
reservoirs, streams and rivers from areas under energy grass 
cultivation is reduced compared to annual crops. This may lead toa 
reduction or depletion of these water bodies. 

Fig. 14 shows that the risk for water shortages in La Pampa 
province for soybean and switchgrass production is limited over 
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Fig. 14. Calculated monthly water shortages in mm/month, indicated as (WS), for 
soybean and switchgrass production for bioenergy and, as reference, for rotated 
grazing, a negative WS indicates a water shortage. 
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the year. The seeding, growing and harvesting period for soybeans 
[120] and switchgrass [121] and the high water need of both crops 
[43,109] during the mid and late growing stage is in general in line 
with the precipitation pattern in La Pampa province. Intermittent 
periods of low rainfall can create, however, short water shortages. 
This may have an impact on the yields attained [26,43,122] and 
may increase temporarily the risk for water depletion in the drier 
areas. 

Specific data for the WUE of switchgrass are not available. WUE 
data for miscanthus are therefore used as a reference. Miscanthus 
has the capacity for high yields on relatively poor quality sites, 
where water availability would prevent successful production of 
conventional crops [123]. Lewandowski et al. [123] mention that 
switchgrass can be produced on similar areas as miscanthus or on 
areas that are too dry for miscanthus production, as switchgrass is 
considered more drought tolerant than miscanthus. 

Although switchgrass uses per ha more water than soybean (see 
Ke factor), its water-use efficiency (WUE) is significantly higher. 
Jorgensen et al. [114] indicate that the WUE of C, crops (as maize or 
switchgrass) are about twice that of C3 crops due to their higher 
efficiency of photosynthetic conversion. Yu et al. [112] and 
McLaughlin et al. [101] mention that C, plants produce 30% more 
food per unit of water than C3 plants and are well adapted to more 
arid production areas [124]. 

The WUE figures in Table 9 imply good agricultural management 
and only a high WUE can be achieved if other factors (e.g. nutrient 
availability, incidence of pests and diseases, good management) do 
not limit crop production [125]. For example, the retention of crop 
residues combined with no-tillage management decreases the soil 
evaporation rate of soybeans that would normally occur from a bare 
soil [126]. Combining an agricultural rotation system with direct 
seeding also promotes a higher WUE value [102]. 

Based on the results, an indication is given about the relative 
performance of the bioenergy chains for this principle. No final 
conclusion can be given as the risk for water shortages largely 
depends on rainfall and temperature dynamics in La Pampa over 
time. Some first conclusions can be drawn, though. Sufficient water 
seems to be available for bioenergy production during most months 
in the year in the La Pampa province, especially in the S land areas 
receiving more rainfall than the mS land areas. Switchgrass uses the 
available water more efficiently than soybean. In case of limitation in 
water availability during the growing period, switchgrass causes a 
higher risk for depletion of water resources compared to soybean. 
However, a shortage in rainfall will also lead to a yield reduction, 
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Fig. 15. Change in N20-N (in kg/ha/year) emissions from leaching from switchgrass 
and soybean production for bioenergy compared to the reference land-use system 
for current situation and for scenarios A, B and C for 2030. 


limiting the risk for water depletion. Proper management and 
adequate monitoring can further reduce this risk. Environmental 
friendly and advanced techniques for efficient water use are 
especially promoted in scenarios B and C. 


4.6.2. Performance of bioenergy chains in relation to water quality 

The fertilizers used for the bioenergy chains are nitrogen and 
phosphorus fertilizers [6]. Phosphorus is not very soluble and 
mobile in a soil solution, in contrast to nitrogen [127]. No N 
fertilizer is applied for soybean production in the current situation. 
Asmall increase in N and P fertilizer is assumed for the scenarios A, 
B and C in 2030 [6]. Switchgrass uses more fertilizers, especially N 
fertilizer, in the cultivation process compared to soybean cultiva- 
tion [6]. The low fertilizer inputs for soybean production can 
however be questioned for the current situation, as discussed in 
Section 4.5. Fig. 15 shows the change in N20-N emissions from 
biomass production compared to the reference land use (see also 
Section 4.1). Emissions from nitrate leaching are lower for soybean 
production than for switchgrass production, when abandoned 
cropland is used (CUR-S-C, A-S-C, and C-S-C). Nitrate leaching 
increases significantly for soybean production when replacing 
degraded or non-degraded grassland due to changes in soil carbon, 
resulting in N20-N emissions. Emissions from nitrate leaching for 
switchgrass production are limited and mainly a result of nitrogen 
fertilizer inputs. 

The risk of water contamination is higher for agrochemicals 
than for fertilizers as measurements show that only a limited 
percentage of the agrochemicals used reach the intended source 
and the rest spreads to other sources [127]. So far no such 
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Fig. 16. Change in agrochemical input for soybean and switchgrass production for bioenergy compared to reference land-use system in liter/ha or in kg/ha for current 


situations and for scenarios A, B and C for 2030. 
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Table 10 


Water solubility and possible environmental risks related to herbicides and pesticides use. 


Product Water solubility Environmental risks 
mg/l mg/l 
Opera? 20 [130] No information found 
Metsulfuron 2790 [130] 9500 [131] Low level of toxicity for fish and birds [127]. High to moderate toxicity for algae and aquatic plants [130] 
Glysophate? 10500 [130] 900000 [131] Virtually not toxic for bees, very little toxic for birds and fish [127] 
Cipermetrina 0.009 [130] 0.004 [131] Moderately toxic for bees, not toxic for birds, highly toxic for fish [127] 
Lorsban" 4 [131] Highly toxic to aquatic organisms on an acute basis in most sensitive species. Moderately toxic to birds 
on an acute or dietary basis [129] 
Atrazina 35 [130] 33 [131] Low to average (depending on brand) toxicity on birds, fish, bees and aquatic plants [127,130] 


2 Based on pyraclostrobin (main component). 
> Main component of Roundup. 
€ Common name is Chlorpyrifos. 


contamination has been recorded for the Pampas but research on 
this subject is limited [26]. Fig. 16 shows that the agrochemicals 
use for switchgrass cultivation is limited as it is used only during 
the establishment period and removal of the plantation. The use of 
herbicides and pesticides for soybean production, used on an 
annual basis, is substantially higher. Several studies mention that 
the increased weed resistance of soybeans leads to an increased 
use of glysophate, combined with other herbicides [128]. 

Table 10 [127,129-131] shows the water solubility and possible 
environmental risks related to herbicides and pesticides used for 
soybean and switchgrass cultivation. Highly soluble pesticides 
(metsulfuron and glysophate) are more likely to be removed from 
the soil by runoff or by moving below the root zone with excess 
water [131]. Glysophate has no risk to disturb the fauna [127]. 
Metsulfuron, used on limited scale for soybean production, may 
have an average to high risk to disturb aquatic plants [130]. Atrazina, 
used for switchgrass production, has a low water solubility and, a 
low to moderate risk to disturb the fauna [127,130]. 

The change in N fertilizer and agrochemicals use are indicators 
to measure the relative performance of the bioenergy chains for 
this criterion. Within this context, agrochemicals use has in this 
study a higher rating (1.2:1) than fertilizer use due to its higher risk 
for water contamination. The highest!! score, defined as an annual 
decrease in fertilizer and agrochemicals use of 5 units/ha or more 
compared to the reference system, is estimated when switchgrass 
is produced on abandoned cropland. The lowest score, with an 
annual increase in fertilizer and agrochemicals use of 5 units/ha or 
more compared to the reference system, is estimated when 
soybean production replaces degraded or non-degraded grassland, 
with the exception of (B-mS-D). 


4.7. Principle 7: biomass production and processing and air quality 


This principle aims to minimize air emissions with regard to 
biomass production, biomass processing and waste management. 
Compliance with national law and regulations is required [30]. The 
risk for air and waste contamination in both bioenergy chains is 
limited as no dangerous materials or rest products are produced or 
emitted to the air during the processing stages. Beside, national 
laws and regulations [132-134] are in place. The risk for 
undesirable air emissions due to bioenergy production and 
processing is therefore considered insignificant. 


4.8. Principle 8: production of biomass and local prosperity 


The starting point of this principle is that biomass production 
contributes to the local economy. Cramer et al. [30] propose to 


11 Other scores: +: annual decrease in fertilizer and agrochemicals use of 0- 
5 units/ha compared to reference system. —: annual increase in fertilizer and 
agrochemicals use of 0-5 units/ha compared to reference system. 


report on this principle according to the following indicators of the 
Global Reporting Initiative (GRI): 


e EC1: Direct economic values that have been generated and 
distributed (revenues); 

e EC6: Policy, methods and part of expenditure with respect to 
locally based suppliers; 

e EC7: Procedures for local staff recruitment and share of the top 
executives originating from the local community at significant 
locations of operation; 


Choices on expenditure of income (EC6) and human resource 
management (EC7) largely depend on the company to be 
established. It is therefore not possible to analyze these indicators 
beforehand. It is, however, possible to give beforehand an 
indication of the generated revenues from bioenergy production 
to the local economy (EC1). The socio-economic impacts of export- 
oriented bioenergy production in Argentina have been analyzed by 
Wicke [135] with the use of an input-output model and focusing 
on the variables GDP, trade and employment (direct and indirect). 
Smeets et al. [97] looked at the contribution of bioenergy 
production to local employment by analyzing historical trends 
in employments and wages with the use of statistics. 

In this study, the following indicators are used to analyze the 
impact of biomass production on local prosperity: (i) direct and 
indirect employment generation in the bioenergy chains and (ii) 
GDP impact of bioenergy production. The direct employment 
generation can be calculated with labour input data [6] for the 
different processing steps in the bioenergy chain for the current 
situation and for scenarios A, B and C for 2030. Scenarios B and C 
assume an increase in labour efficiency compared to the current 
situation, with the strongest increase for scenario C. An indication 
of the indirect employment and GDP generation from bioenergy 
production is based on literature sources and on data from Wicke 
[135]. 


4.8.1. Local prosperity generated in the switchgrass bioenergy chain 

Fig. 17 (left) shows the estimated total direct employment 
generation generated for the switchgrass bioenergy chain. This 
ranges from 1.5 x10? jobs per year for (CUR-mS-D), with 
1.0 x 10° tdm pellets generated per year, to 12.6 x 10? jobs per 
year for (C-S-C) with 12.1 x 10% tdm pellets generated per year. 
Although scenarios (B-S-G) and (C-S-C) generate a high level of 
direct employment in case the available potential is fully utilized in 
the bioenergy chain (Fig. 17 left), the agricultural intensification 
and higher yields in these scenarios results in a decrease in jobs (in 
jobs/tdm pellets) compared to the current situation and scenario A 
(see Fig. 17 right). The same reasoning can be followed when 
comparing the direct employment generation on S land and on mS 
land. As shown in Fig. 17, inland transport by truck creates more 
employment than inland transport by train. 
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Fig. 17. (Left) Estimated direct employment generation in 1000 jobs per year in the total switchgrass bioenergy chain*. (Right) Estimated direct employment generation in 
jobs per year per 1 x 104 tdm pellets. The results are calculated for the current situation and for scenarios A, B and C for 2030. 
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Fig. 18. The distribution of the jobs generated per activity and per geographical 
location for the total estimated direct employment generation in 1000 jobs per year 
for the switchgrass bioenergy chain for (CUR-S-C) for local use and for export of pellets 
to Rotterdam (with train or truck for inland transport) for total pellets produced. 


Wicke [135] has estimated the total employment generation 
(direct and indirect) for an Eucalyptus pellet production chain 
(chain 1) and a Eucalyptus pellet FT production chain (chain 2). The 
results show that, beside the direct employment generation from 
these chains (23%), a substantial amount of extra jobs can be 
generated by indirect employment (30-31%) and induced impacts 
(46-47%). The high share of indirect impacts is explained by the 
large amount of machinery and equipment needed for pellet 
production. When using these percentages [135] for the switch- 
grass bioenergy chain, an additional indirect employment gen- 
eration of 1.9 x 10? (CUR-mS-D) to 16.4 x 10? (C-S-C) jobs/year 
can be expected. 

The export bioenergy chains generate for (CUR-S-C), with 
3.3 x 10° tdm pellets generated per year, 40-49% of the total direct 
employment in La Pampa province (see Fig. 18). The remaining 
employment, mainly generated in the transport sector, is located in 
Argentina (mainly Buenos Aires province) and outside the country. 
When the switchgrass pellets are used for local conversion, all 
direct employment is generated within La Pampa. 

The intensification of agriculture in the future may lead to a 
decrease in jobs.!* Wicke [135] has estimated that 96 x 10° jobs 
are lost in chain 2, due to agricultural intensification. This loss of 
jobs in the traditional agricultural sector is, however, by far 
compensated by an increase of 296 x 10* jobs in the new economic 
activity of bioenergy production from Eucalyptus pellets. 


12 As example: a yield increase from 3.7 to 8.9 tdm/ha is assumed for grain 
production from 2001 to the year 2015. An increase of feed crops use of 6-17.5% 
from 2001 to 2015 is assumed for the mixed livestock system. 


Within the export chains for (CUR-S-C) cultivation, pelletisation 
and transport from the pellet plant to the harbour contribute 
respectively 20-44%, 18-39% and 17-33% to the total employment 
generated. Switchgrass cultivation and truck transport generate 
many jobs because of the high volumes of biomass produced. Large 
inland distances are another factor for employment generation. 
Employment generation in the conversion step is not included in 
this study. The FT/pellet sector contributes in Wicke [135] around 
3% to the total employment generation in the bioenergy chain. 
Employment generation in the conversion process is therefore 
expected to be limited. 

Switchgrass bioenergy chains, including the required infra- 
structure and pellet plants, are not yet developed in Argentina [6]. 
Investments in this field therefore contribute to the development 
of a new economic activity. Wicke [135] estimated that the 
percentual increase in GDP in 2015 (the moment when the 
bioenergy chains are fully developed) is 21% for chain 1 and 27% for 
chain 2 compared to the reference situation in 2001. Imports 
increase with 24% and 44% for chains 1 and 2. Although the imports 
are large compared to the reference situation in 2001, they are 
small related to the exports. Exports in chain 1 are more than four 
times higher than the imports. Exports in chain 2 are more than 12 
times higher than the imports. 

Based on the results, an indication can be given about the 
relative performance of the switchgrass bioenergy chain for this 
principle which is based on the direct employment generated. It is 
assumed that the relatively changes in direct employment are in 
line with expected contributions of the bioenergy chain to GDP and 
to indirect employment. The highest score, with more than 2000 
extra-generated jobs per year due to the introduction of the 
bioenergy chain as included in this study, is estimated when 
switchgrass is produced on S land. A relatively high score, with 
more than 200 generated jobs per year due to the introduction of 
the bioenergy chain as included in this study, is estimated when 
switchgrass is produced on mS land. Note that the number of jobs 
generated depends to a large extent to the amount of pellets 
produced in the switchgrass bioenergy chain, which varies per 
scenario. 


4.8.2. Local prosperity generated in the soybean bioenergy chain 

Fig. 19 (left) shows the estimated total direct employment 
generation generated for the soybean bioenergy chain. This ranges 
from 58 jobs per year for (CUR-mS-D), with 1.4 x 10* ton biodiesel 
generated per year, to 312 jobs per year for (B-S-G) with 
10.4 x 10* ton biodiesel generated per year. 

Although (B-S-G) generates a high level of direct employment in 
case the available potential is fully utilized in the bioenergy chain 
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Fig. 19. (Left) Estimated direct employment generation in 100 jobs per year in the total soybean bioenergy chain*. (Right) Estimated direct employment generation in jobs per 
year per 1 x 10? ton biodiesel. The results are calculated for the current situation and for scenarios A, B and C for 2030. Biodiesel processing is in Rosario (ROS) or in Rotterdam, 


the Netherlands (ROT). Inland transport in Argentina is by truck or by train. 


(Fig. 19 left), agricultural intensification and higher yields resultsin a 
decrease in jobs (in jobs per ton biodiesel) compared to the current 
situation (see Fig. 19 right). The same reasoning can be followed 
when comparing the direct employment generation onS land and on 
mS land. Inland transport by truck creates more employment than 
inland transport by train. The soybean bioenergy chain (whole crop) 
for export generates slightly more employment (3-12% for truck 
chains) than the chains for local use. This extra employment is 
generated outside the country (see Fig. 20). 

Llach et al. [136] have estimated that the chain ‘vegetable oil and 
subproducts' generated around 288 x 10° jobs in Argentina in 2004, 
compared to 230 x 10? for the milk chain and 543 x 10° jobs for the 
meat chain. The Ministry of Economy [137] has estimated that every 
direct job generated in soybean value chain multiplies to 17.7 
indirect jobs. In comparison: one direct job in the petroleum, meat or 
milk sector multiplies to 10.6, 5.5 and 6.1 indirect jobs, respectively. 

Cultivation contributes 14-32% (whole crop) to the total direct 
employment in jobs per year in the export chain (truck-Rosario). 
This contribution is 29% in (CUR-S-C-truck-ROS) for the whole crop 
and 17% when employment is allocated to the soybean oil content, 
used for biodiesel production. The labour input (in hours per tdm) 
in the cultivation process (whole crop) is limited, ranging from 0.5 
for (CUR-S-C) to 0.8 h/tdm for (CUR-mS-D). This number fluctuates 
per scenario because of differences in yield and in efficiency. The 
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required labour input for soybean production is discussed by 
Berkum et al. [84], mentioning that large agricultural farms in 
Argentina with highly mechanized soybean production combined 
with direct seeding, generate around one labour place for every 
200 hectares. In comparison, small traditional farms practicing 
rotation with two crops generate around one labour place for every 
eight hectares. The low labour input for intensive soybean 
production generates a process of rural out-migration compared 
to more traditional production systems, destabilization of liveli- 
hoods and scarcity of jobs in the agricultural sector in the Pampas 
region [27,84]. 

The contribution of processing activities to the direct employ- 
ment generation in the soybean bioenergy chain is limited, namely 
15-18% (whole crop) for the scenarios shown in Fig. 19. The 
biodiesel plants do not need many operators. They do, however, 
generate a demand in services that are supplied by regional 
companies. The biodiesel sector employed around 5 x 10° people 
in 2008 (direct and indirect labour) and the sector is estimated to 
create 60-70 x 10? jobs in the coming 15 years [138]. Truck 
transport from the field to the crushing plant contributes 
significantly to the total employment generation when looking 
at the whole crop (45-58% for scenarios in Fig. 19) due to the large 
product volumes that need to be handled in the beginning of the 
chain. This contribution reduces, however, significantly when only 
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Fig. 20. The distribution of jobs generated per activity and per geographical location for the total estimated direct employment in jobs per year for the soybean bioenergy 
chain for (CUR-S-C) for local use and for export (with biodiesel processing located in Rosario or in Rotterdam) for inland truck or train transport, for total biodiesel produced. 
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Table 11 


Criteria and indicators for principle production of biomass and contribution to social well-being as proposed by Cramer et al. [30]. 


Criteria 


Indicator 


1. No negative effects on human rights 
2. No negative effects on the working conditions of employees 


3. The use of land must not lead to the violation of official property and use 
4. Positive contribution to the social well-being of the population 


5. Insight into possible violations of the integrity of the company 


Recognition Universal Declaration of Human Rights 

Compliance of Tripartite Declaration of Principles Concerning Multinational 
Enterprises and Social Policy 

Guarantee of right indigenous people. Land-use must be regulated by state 
Social indicator 1 of GRI: nature, scope, and effectiveness of any programs and 
practices that assess and manage the impacts of operations on communities 
Social indicator 3 and 4 of GRI: Percentage of employees trained in 
organization's anti-corruption policies and procedures and actions taken 

in response to incidents of corruption. 


the soybean oil content, used for biodiesel production, is 
considered (see example in Fig. 20). 

The soybean chain is an existing activity in Argentina. A value of 
13.5 million US$ was exported in 2007, from which the state 
received 4.4 million US$ [139]. Investments reached 750 million 
US$ in the year 2005-2007. From 2006 onwards, the biodiesel 
industry contributed significantly to these investments [139]. 
Companies have invested 585 million US$ in biodiesel projects in 
Argentina in 2007 and additional investments, which are used to 
increase the capacity of crushing and biodiesel plants, of 800 
million US$ were expected end of 2007 [140]. Capital costs 
generated in the soybean bioenergy value chain are thus mainly 
invested in a further extension of the required infrastructure of an 
already existing chain. 

Based on the results, an indication is given about the relative 
performance of the soybean bioenergy chain for principle 8. No 
scenarios have the highest score (see also Section 4.8.1). A high 
score, with more than 200 generated jobs per year due to the 
introduction of the bioenergy chain as included in this study, is 
estimated when soybean is produced on S land. Scenarios, with 0- 
200 generated jobs per year due to the introduction of the 
bioenergy chain as included in this study, have a neutral score as 
this amount of jobs is considered to contribute relatively little to 
local welfare in the region. 


4.9. Principle 9: contribution to social well-being from biomass 
production 


Cramer et al. [30] translate this principle into five criteria. The 
criteria and indicators are shown in Table 11. As criteria 4 and 5 
largely depends on the company to be established, it is not possible 
to estimate the performance for the associated indicators before- 
hand. Criterion 1 (no negative effects on human rights); criterion 2 
(no negative effects on the working conditions of employees) and 
criterion 3 (the use of land must not lead to the violation of official 
property and use) will be discussed in this study. 


4.9.1. Social well-being for the switchgrass and soybean bioenergy 
chain 

The Universal Declaration of Human Rights, criterion 1, is 
recognized by Argentina [141]. Violations against human rights 
related to the working conditions of employees and child labour 
are not an issue in Argentina [27]. 

The recognition of the Tripartite Declaration of Principles, 
criterion 2, by companies is stimulated by the Argentinean 
government [142]. The Argentinean government itself has sub- 
scribed the OECD guidelines for multinational enterprises"? [143]. 


13 The OECD Guidelines for Multinational Enterprises are recommendations 
addressed by governments to multinational enterprises, providing voluntary 
principles and standards for responsible business conduct consistent with 
applicable laws. 


The Ministry of Labour has established the “Network for Corporate 
Social Responsibility and Decent Work” to promote Corporate 
Social Responsibility. This network of companies signed a 
Commitment to Corporate Social Responsibility and Decent Work 
in 2007 [142]. 

Rural work conditions in Argentina are regulated by specific 
resolutions. The ‘Rural Worker License law’ aims at regulating 
different aspects of the hiring process of permanent, temporary 
and harvest workers in the agricultural sector. The National Record 
Office of Rural Employers and Workers is established in 2001 to 
combat informal employment and to increase protection of 
workers [27]. Literature sources show variable estimations about 
the amount of informal workers (with no to limited access to 
insurance) and formal workers in agriculture in Argentina. 
Accurate statistical data are difficult to obtain. Unofficial estima- 
tions range from 17.5% to 50% of the workers in the agricultural 
sector engaged in formal employment [27,144,145]. 

Land use rights, criterion 3, are officially laid down and 
described in Argentina. Land property in La Pampa province is 
largely regulated through private ownership or tenure of land. 
Limited areas of land are publicly owned (see also Section 4.3). In 
case the land is rented there are basically two forms of contracts 
[146]. The first form is a contract in which the owner charges a 
fixed amount per year or per harvest. The second form is that the 
owner receives a certain percentage of the production obtained by 
the tenant. 

Based on criteria 1-3, no negative impacts from biomass 
production on the social well-being can be expected and, if 
properly managed, positive impacts can be generated. The latter is 
more probable in scenarios B and C, characterized by a stronger 
socio-environmental awareness and economy. 


5. Synthesis of the environmental and socio-economic 
performance of the bioenergy chains 


The relative performance of the environmental and socio- 
economic impacts of the bioenergy chains is summarized in 
Table 12, showing that the impacts can vary strongly between 
scenarios for both bioenergy crops depending on the underlying 
assumptions. Some conclusions can be drawn: 


e Most environmental benefits can be achieved when switchgrass 
is produced on abandoned cropland; 

e Switchgrass production replacing degraded grassland, limiting 
the competition with food and feed production, also shows a 
good overall sustainability performance, especially for scenarios 
(B-mS-D) and (C-mS-D). 

e Soybean production for bioenergy shows a good overall 
sustainability performance if produced on abandoned cropland 
(A-S-C, C-S-C, and CUR-S-C). The production of soybean on 
degraded grassland results in a relatively lower sustainability 
performance; 
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Table 12 

Rough indication of relative sustainability performance of switchgrass and soybean bioenergy chain based on the expected environmental and socio-economic impacts of the 
bioenergy chains when developed in La Pampa province (Argentina) for the current situation and for scenarios A, B and C to the year 2030 (+, high score; —, negative score, 0, 


neutral score; ++, very high score; ——, very low score; ~, expectation with significant range of insecurity). 
Principles Switchgrass bioenergy chain Soybean bioenergy chain 
CUR A B E CUR A B C 
S mS S mS S mS S mS S mS S mS S mS S mS 
Reference land-use? E D C D G D C D C D C D G D E D 
1 - Soil carbon balance?” ++ + ++ + + + ++ + 0 = 0 == = = 0 = 
2 - GHG balance‘ ++ ++ ++ ++ ++ ++ ++ ++ ++ + ++ + + ++ + 
3 - Land-use change 
Change in land-use* =0+  =0+ =0+  =0+ 0 =0t 20+ O+ z0 R0- R0 R0- R=20- R0- R0- R0- 
Rise land prices" 0 0 — 0 ap 0 q 0 0 0 — — 0 0 — — 
Rise food prices =0 =0 =0 =0 =0 =0 =0 z0 z0 =0 20 =0 =0 =0 =0 =0 
4 - Biodiversity! + 0 + 0 = 0 + 0 0 = 0 = = = 0 = 
5 - Soil quality 
Soil erosion® ++ ++ ++ ++ = ++ + ++ 0 = 0 = -e ++ 0 ++ 
Soil nutrients SER rt t+ At rt at SER at ~0/— x —— =0 x —— x —— x —-— =0 22 
6 - Water quality ++ + ++ + = + ++ + 0 = 0 == zs = 0 = E 
Water quantity / =0+  =0- = O+ = 0- =0t 20 =0+ #0 =0 = 0— z0 œ- = 0+ x0- = O+ = 0— 
7 - Air quality 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 - Local prosperity ER rt t+ rt e+ St tt rt rt =0 Rt =0 rt =0 Rt =0 
9 - Social well-being 0 0 0 0 + + + ap 0 0 0 0 ip a + + 


* Reference land-use: G, non-degraded grassland; C, cropland; D, degraded grassland. 
> (++) carbon benefit >0.6 ton C/ha/year; (+) carbon benefit >0 and <0.6 ton C/ha/year; (0) carbon benefit = 0 ton C/ha/year; (—) carbon benefit <0 and >—0.6 ton C/ha/ 


year; (——) carbon benefit <—0.6 ton C/ha/year. 


c 


(++) GHG reduction potential is >85%; (+) GHG reduction potential is >35% and <85%, for lifetime period of 20 years. 


4 (+) Expected softening effect on ongoing land-use change of conversion of pasture areas to cropland areas; (—) strengthening effect on ongoing land-use changes. Ongoing 


land-use change. 


© (+) Decrease in land price compared to current situation; (—) increase in land price compared to current situation. 


f (+) Positive MSA value; (0) MSA value is zero; (—) negative MSA value. 


® In changes in annual soil loss compared to reference land-use system: (++) Soil loss decreases >2 ton/ha/year; (+) Soil loss decreases >0 and <2 ton/ha/year; (0) no 
changes in annual soil loss; (—) soil loss increases >0 an <2 ton/ha/year; (-—) soil loss increases >2 ton/ha/year. 


Rh See footnote b). 


i In change in fertilizer and agrochemical use compared to reference land-use system: (++) Annual decrease of 5 units/ha; (+) annual decrease of >0 and <5 units/ha; (0) no 
change in fertilizer and agrochemical use; (—) annual increase of >0 and <5 units/ha; (——) annual decrease of >5 units/ha. 

J (+) Environmental friendly and advanced techniques for efficient water use are applied in scenario; (—) Possible risk for water depletion in drier areas. 

k In extra generated jobs per year due to introduction of biomass energy chain: (++) >2000 extra generated jobs; (+) >200 and <2000 extra generated jobs per year; (0) >0 
and <200 extra generated jobs. (+) Expectation of possible positive impacts on social well-being in scenarios with stronger socio-environmental awareness and economy; (0) 
recognition of Universal Declaration of Human Rights, Tripartite Declaration of Principles and land-use rights. 


e Bioenergy production on non-degraded grassland, especially 
from soybean production, may result in negative environmental 
impacts. 

e Excluding the non-sustainable scenarios, being (CUR-mS-D, A- 
mS-D, B-mS-D, C-mS-D) for soybean production for bioenergy 
and (B-S-G) for both crops, the potential availability of land for 
the bioenergy crops production in La Pampa province on S and 
mS land ranges from 0 to 24 x 10* ha (instead of 17-30 x 10* ha) 
for soybeans and from 17 to 97 x 10* ha for switchgrass (instead 
of 37-97 x 10* ha) [6]. The upper limit for switchgrass produc- 
tion for energy remains constant as the scenarios with a high 
potential are also the scenarios with a good sustainability 
performance; 

e When excluding the non-sustainable scenarios, soybean 

biodiesel production costs are competitive with fossil fuel 

costs when oil has a price of 80-183 US$/barrel for the export 

chains (instead of 80-238 US$/barrel) and a price of 55-122 

US$/barrel for local use (instead of 55-176 US$/barrel), 

depending on the scenario. Ergo, the non-sustainable scenar- 

ios are also the more expensive scenarios for soybean 
bioenergy production; 

When excluding scenario (B-S-G), there are no changes in the 

economic competitiveness from electricity from switchgrass 

pellets with the cost price of electricity from coal in the 

Netherlands. The use of switchgrass pellets for local energy 


production on the short-term is economically not viable due to 
current low natural gas prices [6]; 

The results in the various scenarios show that most socio- 
economic and environmental benefits can be achieved when a 
bioenergy production chain aims to use the most advanced 
agricultural production system available in technical and environ- 
mental terms, replacing the land use system in the region with the 
lowest economic and environmental performance while prevent- 
ing leakage. 

The overall performance of the bioenergy chains is in general 
higher for switchgrass than for soybeans. It is possible to 
significantly minimize the environmental impacts (especially 
the risk of leakage in land use and biodiversity changes) from 
the soybean bioenergy chain when the generated feed is used 
explicitly for livestock production in the region. The surplus land 
can then be used for alternative purposes such as nature 
regeneration or biomass production. Modernising simultaneously 
biomass production for energy and food to prevent competition for 
land is needed to attain most socio-economic and environmental 
benefits from bioenergy production [86]. The need and possibilities 
to diminish competition on agricultural land in Argentina by e.g. 
intensification and introduction of new species is mentioned by 
various authors [24,147-149]. Land use regulation and planning by 
the government in cooperation with the actors involved is in this 
case desired [147]. 
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6. Summary and conclusions 


Acombination of quantitative and qualitative indicators has been 
used to get an indication of the socio-economic and environmental 
performance of bioenergy production in the province La Pampa in 
Argentina. Qualitative indicators were used for the principles 3 (not 
endanger food supply and local applications) and 9 (contribution to 
social well-being) that lack an appropriate methodology or dataset 
to quantify the performance. 

The use of standardized methodologies is desired but not yet 
possible for all principles, as shown in Table 13. No appropriate 
methodology was available to couple macro-economic drivers 


with micro-economic impacts. The available methodologies to 
assess the impacts of biomass production on water depletion and 
on soil quality require further elaboration to be applicable on a 
regional level for a range of biomass resources. 

A norm or standard has to be set for the criteria used to interpret 
and score the obtained results in terms of absolute performance. 
This standard is available for biodiversity (the MSA values) and for 
the GHG emission reduction that should be achieved (e.g. at least 
35% GHG emission reduction compared to the reference case) but 
is at present lacking for other criteria. In our assessments, the 
scores for other principles are therefore based on a relative and not 
absolute performance of the bioenergy chains. 


Table 13 


Overview of the indicators, data needs and methodologies used to analyze - based on a set of nine principles - the socio-economic and environmental performance of 
bioenergy chains. Future needs and options for improvement are given in the last column. 


Principle Methodology used Data Performance indicator Future needs and options for 
e improvement 
Need Availability 
1. Carbon stock changes IPCC methodology [31] High Yes (mainly default A ton C/ha/year Need for local data, better insight 
values) in relation carbon stock changes 
with management system, 
land-use changes, land suitability. 
2. GHG balance IPCC methodology [31] High Yes (partly default GHG reduction in % Improvement insecurity default 
values) values (N20 emissions); need to 
collect local data and EF by-products. 
3. Changes in Reporting on land prices, Average Yes (statistics, expert Land price Not possible to draw a final 
land-use, prices food prices, land knowledge) conclusion ex ante. Methodology for 
ownership and expected qualitative indicator needs to be 
land-use changes in developed further. 
relation with current 
ongoing trends 

Food price 

Land ownership 

Expected land-use change 

4. Biodiversity Total biodiversity Average Yes (maps, legislation, Exclusion HCV areas Stakeholder approach [85] requires 
assessment: Exclusion empirical data) more time. Field studies on 
HCV areas + contribution relation local agro-biodiversity and 
bioenergy production biomass production. 
to agro-biodiversity 
MSA values 
5a. Soil quantity USLE equation Average Yes (partly default Soil loss in ton/ha/year More accurate data for 
values) management factor agricultural 
systems. Wind erosion is not 
included in USLE equation 
5b. Soil quality Carbon stock change, High Based on calculated A ton C/ha/year (indicative) Lack of accurate local data (crop 
as an indicator for SOM results Section 4.1 recovery, nutrient composition crop) 
for simple nutrient balance equation. 
Standardized nutrient-balance model 
to be developed based on limited 
set of input data. 
6a. Water quantity Simple water balance Average Low (default values) Water shortage (WS) Not possible to draw conclusion 
and WUE in mm/month ex ante. 

WUE in g dm/kg water Insight in dynamics local factors, 
climate, and energy crop 
characteristics needed by data 
collection and local measurements. 

6b. Water quality The water solubility and Average Yes (partly based on N20-Nieaching/ha/year Local measurements needed for better 
toxicity level of the inputs calculated results) insight in risk water contamination 
(fertilizers, agrochemicals) due to inputs. Standardized 
used for bioenergy production methodology and indicator needed 
based on limited set input data. 

Agrochemicals input in 

unit/ha/year, their toxicity 

and solubility level in mg/l 

7. Air quality Compliance with legislation Low Yes Compliance legislation Qualitative indicator and 
methodology desired if air 
contamination is expected. 

8. Local prosperity Expected direct employment High Based on own Jobs/year More insight needed in contribution 

in bioenergy chains calculations bioenergy production to GDP and 
indirect employment. 

9. Social well-being Reporting on land-use rights Average Descriptive (a) Recognition Declaration Final conclusions cannot be drawn 


and recognition declarations 
based on current situation 


of Human Rights; (b) 
Recognition Tripartite 
Declaration; (c) Description 
land-use rights 


ex ante whether a biomass project 
itself will contribute or not. 
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The type (default data, local data, expertise, maps) and level of 
accuracy of input data that is available varies strongly between the 
principles investigated. This indicates that the results in Table 12 
should be used with caution. 

The results in Table 12 show, however, also that it is possible to 
give a rough indication which chains and scenarios are expected to 
perform more sustainable than others. The use of scenarios enables 
to show the wide range in results that can be obtained due to 
variations in agricultural management systems, land suitability, 
reference land use systems, lifetime periods investigated, alloca- 
tion of impacts and the impact of indirect land use changes. The 
approach gives an understanding of the complexity of bioenergy 
chains and the underlying factors influencing the GHG balance and 
other sustainability issues. Note for example that the reference 
land use system ‘cropland’ in this study is based on soybean 
production and that the choice for an alternative crop may 
significantly change the results. Key determinants for the 
sustainability of bioenergy production systems are the reference 
land use, the selection of the bioenergy crop suitable to the 
agroecological zone, and the management system that is used. 

This also implies that it is possible to steer for a large part the 
sustainability performance of a bioenergy chain during the project 
development and implementation phase. Demonstration projects 
that apply a learning-by-doing approach combined with strict 
monitoring can give more insight in the sustainability performance 
of bioenergy chains in different regions. Various ongoing 
initiatives, such as the Roundtable on Sustainable Biofuels or the 
Roundtable on Responsible Soy, may serve as a Suitable interna- 
tional platform to extend the knowledge and experience needed 
for sustainable bioenergy production. The productive and envir- 
onmental quality system, developed by AAPRESID [80,150], 
provides on a national level a sound basis. This system certifies 
crop production in general based on soil health indicator values 
and Good Agricultural Practices. 

Land use planning plays a key role in this process by setting 
conditions for biomass production (which crop, land use, manage- 
ment system) in a certain region. This also requires for decision- 
makers a consideration of the relative importance of each principle 
as the improvement of one principle can mean a deterioration of 
the other. 

The conclusions also lead to the following recommendations for 
research: 


e Further development and testing of a scenario-based set of socio- 
economic and environmental impact assessment tools that 
enables stakeholders to monitor and steer the performance of 
bioenergy projects; 

e Development of a robust approach to weigh the performance of 
individual criteria; 

e Improvement of the analysis of the socio-economic and 
environmental principles for bioenergy chains on a regional 
level by field data collection, methodology improvement and 
insight in interrelations of key underlying factors on various 
sustainability criteria (see also Table 13); 

The need to meet sustainability standards for bioenergy production to 

compete on the international market is recognized in Argentina [151]. 
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